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PREFACE 

TO 

THE     FIFTH     EDITION. 


■«o*- 


Since  the  first  introduction  of  *Thomd*s  Text-book  of 
Botany'  to  the  English  reader,  eight  years  ago,  material 
alterations  have  been  made  in  the  examinations  conducted 
by  the  University  of  London.  Women  being  now  admitted 
to  all  the  examinations  of  the  University,  the  special  ex- 
amination for  women  has  been  discontinued.  The  only 
lower  examinations  at  which  a  knowledge  of  Vegetable 
Morphology  and  Physiology  is  compulsory  are  now  the 
Preliminary  Scientific  (M.B.)  and  the  Intermediate  Ex- 
amination for  B.Sc.  At  the  full  B.Sc.  Pass  Examination, 
Botany  is  an  optional  subject.  For  these  three  examina- 
tions, and  for  that  in  Honours  in  Botany  at  the  Preliminary 
Scientific  Examination,  it  is  believed  that  the  present  work 
contains  all  the  information  which  it  is  necessary  for  candi- 
dates to  acquire.  A  sufficiently  full  account  is  given  of  the 
types,  both  of  Flowering  and  Flowerless  Plants,  a  special 
knowledge  of  which  is  required  by  the  examiners.  But  it 
cannot  be  too  strongly  impressed  on  the  student  iVsai  lau 
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mere  book-knowledge  of  this,  as  of  any  other  science, 

I  absolutely  valueless.      He  must   make   himself  practically 

acquainted,  with  the  aid  of  the  microscope,  and,  if  possible, 

I  under  the  guidance  of  a  competent  teacher,  with  the  minute 

I  structure  of  plants,  and  with  the  life-history  of  the  various 

1  forms.     For  the  higher  eJtaminations,  those  for  Honours  in 

Botany  at  the  Intermediate  and  Full  B.Sc.  examinations, 

and  for  the  Degree  of  D.Sc,  the  candidate  is  recommended 

■  to  consult  the  more    advanced  text-books   named    in  the 

I  preface  to  the  first  edition.      The  new  regulations  for  the 

I  examinations  referred  to  above  come  into  use  for  the  first 

I  time  in  July  next. 

During  these  eight  years  very  great  advance  has  been 
L  made  in  various  branches  of  botanical  science.  The  life- 
I  history  of  many  of  the  lower  forms  has  been  for  the  first 
I  time  followed  out,  and  great  light  thrown  on  their  genetic 
F  relationships.  The  present  editor  lias  in  consequence  found 
it  necessary  to  replace  Thome's  system  of  classification  of 
the  lower  Cryptogams  by  one  more  in  accordance  with 
the  views  of  the  best  authorities  founded  on  these  recent 
observations. 

In  addition  to  this,  he  would  call  attention  to  the  follow- 
ing points  in  which  recent  histological  research  has  added 
I  greatly  to  our  knowledge,  or  has  caused  the  modification 
of  views  previously  held.  The  paragraphs  (pp.  186-192) 
relating  to  the  structure  of  the  pollen-grain  in  Angiosperms, 
the  mode  of  fertilisation  in  Angiosperms  and  Gymnosijenns, 
and  the  formation  of  the  embrj'o  and  endosperm,  have 
been  entirely  rewritten.  The  same  is  the  case  with  regard 
to  the  account  of  the  phenomena  of  Cell-division  and  thi 
division  of  the  Nucleus  (pp.  32-35).  The  discovery  of  tlie 
''onu'nuity  of  Protop]:i%m  {xi.  31)  has  tViiown  an  cT\*.weVj 
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light  on  many  of  the  phenomena  of  Vegetable  Physiology  ; 
while  that  of  Apogamy  and  Apospory  in  Ferns  (p.  316)  sup- 
plies the  last  links  in  the  chain  which  connects  together  the 
various  modes  of  sexual  and  non-sexual  reproduction.  On 
all  other  points  of  importance  it  has  been  the  aim  of  the 
editor  to  bring  the  present  edition  fully  abreast  of  the  most 
recent  discoveries  and  observations. 

A.  W.  B. 

6  Park  Village  East,  Regent's  Park  : 

Apnl  1885. 


EDITOR'S    PREFACE. 


'.  original  of  the  present  work  is  the  recognised  Text- 
book of  Botany  in  use  in  the  technical  schools  of  Germany ; 
and  its  success  in  fulfilling  the  object  for  which  it  was 
written  may  be  inferred  from  the  fact  that,  published  for  the 
first  time  in  1869,  it  is  now  in  a  fourth  edition.  An  English 
translation  and  edition  has  been  undertaken — primarily  at 
the  suggestion  of  the  Rev.  Alexander  Irving  of  Wellington 
College — from  the  belief  that  no  work  of  the  same  scope 
is  yet  to  be  found  in  the  English  language,  embracing  the 
whole  range  of  Elementary  Botany,  and  yet  of  a  size  and 
price  to  bring  it  within  the  reach  of  nearly  all  Htudenis  of 
Natural  Science. 

One  of  the  great  objects  of  a  study  of  Natural  Science 
being  the  cultivation  of  the  observant  faculties  in  relation  to 
the  phenomena  of  nature,  the  greater  part^and  that  the 
most  useful — of  the  student's  knowledge  must  always  be 
gained  in  the  field,  or  with  the  dissecting-knife  in  hand. 
Still  he  will  need  to  be  guided  by  the  experience  of  previous 
observers,  and  to  be  acquainted  with  the  recognised  de- 
scriptive terms  used  in  his  science.  Il  ia  fot  ■iiese  ^\iTVWK.^, 
and  not  to  replace  the  necessity  for  obscivatiQTi^  cS.\\&  o^^ 
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^^V  that  he  should  use  a  Text-book.  Examiners  in  Natural  Science 
^^V  now  almost  universally  attach  great  importance  to  dissecting 
^^K  and  microscopical  work,  as  the  best  indication  of  practical 
^^B  acquaintance  with  the  subject,  without,  however,  abandon- 
^^H  ing  the  additional  test  of  requiring  clear  and  correct  answers 
^^P  to  written  questions. 

^^T  In  editing  the  present  work,  the  object  especially  kept 
^B  in  view  has  been  to  make  it  useful  to  candidates  preparing 
for  the  Science  examinations  conducted  by  the  Educational 
Department  at  South  Kensington,  or  for  those  at  the  Uni- 
I  versity  of  London.  Botany  now  forms  a  portion  of  nine 
^^H  different  examinations  at  the  London  University  ; — the  Pre- 
^^H'liminary  Scientific  Examination  required  from  all  medical 
^^f  Students  (both  the  Pass  examination  and  that  for  Honours) ; 
(  the   First  Bachelor  of  Science  (Pass  and  Honours)  ;   the 

Second  Bachelor  of  Science  {Pass  and  Honours) ;  the 
General  Examination  for  Women  (Honours) ;  the  Doctor  of 
Science  in  Vegetable  Physiology;  and  the  Doctor  of  Science 
in  Systematic  Botany.  In  the  first  five  of  these  (the  Pre- 
liminary Scientific  Pass  and  Honours ;  the  First  Bachelor 
of  Science  Pass  and  Honours;  and  the  Second  Bachelor  of 
Science  Pass)  it  is  believed  the  present  work  will  be  found 
a  sufficient  Text-book  ;  for  the  Second  Bachelor  of  Science 
Honours,  the  Examination  for  Women  in  Honours,  and  the 
Doctor  of  Science  in  either  branch,  the  student  should  con- 

PBult  some  more  advanced  treatise,  as  the  English  edition  of 
Sachs's  Text-book  (Clarendon  Press)  for  Anatomy  and 
Physiology,  and  Dr.  Hooker's  edition  of  Le  Maout  and 
Decaisne's  'Traitd  G^n^ral'  (Longmans)  for  Classification, 
The  examinations  for  the  First  and  Second  Bachelor  of 
Science  have  recently  undergone  complete  revision,  the 
revised  regulations  coming  into  force  for  the  first  timeduTOv^ 


the  present  year.  At  the  First  bachelor  of  Science  Pass, 
special  attention  is  directed  to  certain  types  of  vegetable 

»life  named  in  the  syllabus.  The  sum  of  our  present  know- 
ledge respecting  these  types  will  be  found  stated  in  the  fol- 
Jowing  pages,  either  in  the  text  or  in  editorial  notes  ;  but  the 
editor  desires  to  impress  upon  liis  readers  the  necessity  of 
their  making  themselves  practically  acquainted  with  these 
forms  of  life,  and  comparing  their  observations  with  the  de- 
scription, before  presenting  themselves  for  examination.  At 
the  Second  Bachelor  of  Science  Pass,  the  examination  in 
Botany,  which  is  optional,  requires,  in  addition  to  a  general 
acquaintance  with  the  principles  of  Morphology  and  Phy- 
siology, a  knowledge  of  the  structure  and  development  of 
certain  groups  of  Phanerogams  and  Cryptogams,  an  account 
of  which  will  also  be  found  here. 

In  the  chapters  on  Anatomy  and  Physiology,  the  original 
work  has  been  very  closely  followed  ;  only  a  few  alterations 
being  made,  to  render  it  in  harmony  with  the  recognised  use 
of  terms  in  this  country.  Any  additions  to  our  knowledge 
acquired   since  the   publication    of  the  German  work  are 

»ieferred  to  in  foot-notes.  The  same  remark  applies  to  the 
'chapter  on  Special  Morphology  and  Classification,  as  far  as 
Cryptogams  are  concerned.  But  the  section  on  the  Classi- 
fication of  Phanerogams  has  been  entirely  rewritten.  The 
system  of  classification  adhered  to  in  the  original  work  differs 
in  so  many  points  from  that  in  use  in  this  country,  that  it 
would  be  almost  useless  to  the  English  student  The  natural 
ordere  have  therefore  been  entirely  rearranged,  in  accordance 

I  with  Bentham  and  Hooker's  system,  and  a  detailed  descrip- 
tion is  given  only  of  the  more  important  ones.  The  minutiae 
pf  Classification  were  considered  out  of  place  in  ai\  elew\e,viyvvi 
B'ext-baok,  and  would  moreover  sweU  Ulo  au  \\tiw\^A-j '^vtc. 
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I  The  seventh  and  eighth  chapters  have  been  considerably 
compressed,  and  some  portions  have  been  altered.  In 
editing  them  pains  have  been  taken  to  avoid,  as  far  as  pos- 
sible, the  putting  forward  of  geological  or  geographical 
theories  as  demonstrated  tnitlis,  The  young  student  cannot 
be  too  cautious  about  forming  or  adopting  theories,  except 
s  mere  modes  of  classifying  facts,  which  must  be  modified 
as  our  knowledge  of  facts  increases.  Some  general  notion 
of  the  distribution  of  plants  in  space  and  time  is  essential  to 
him ;  but  he  should,  as  far  as  possible,  check  and  correct 
his  theories  by  getting  together  and  collating  a  large  fund  of 
observation.  The  chapter  on  the  Geographical  Distribution 
of  Plants  is  a  brief  epitome  of  Grisebach's  conclusions,  as 
Stated  in  his  'Vegetation  der  Erde,'  of  which  there  is  as  yet 

I  no  English  translation.     All  editorial  additions  throughout 

\  the  work  are  distinguished  by  being  placed  between  square 

I  brackets. 

It  would  be  impossible,  even  were  it  desirable,  to  define, 
an  elementary  work  of  this  kind,  every  scientific  term  in 
e  by  every  writer  ;  many  of  those  not  mentioned  in  these 
pages  carry  their  own  explanation  with  them.  Some  addi- 
tions have  been  made  by  the  editor  to  those  included  in  the 
original  work  ;  and  it  is  believed  that  every  term  necessary 
to  the  young  student  will  be  found  defined  either  in  the  text 
or  in  the  glossarial  index  at  the  end.  Reference  is  made, 
in  this  index,  not  only  to  the  pages  where  an  explanation  of 

I  each  term  will  be  met  with,  but  also  to  every  figure  in  which 
it  is  illustrated.  In  the  Latin  names  of  British  plants,  the 
one  adopted  in  Hooker's  'Student's  Flora' is  in  all  cases 
used.  A.  W.  B. 

6  Park  Vh-laof.  East,  Regent's  Par£  ; 
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INTRODUCTION. 


The  province  of  Botany,  or  the  Natural  History  of  the 
Vegetable  Kingdom,  is  to  depict  the  plant  from  as  many 
different  points  of  view  as  possible. 

It  is  impossible  to  give  a  brief  and  exact  defintdon  of  a 
plant,  if  such  a  definition  is  intended  to  include  all  plants. 
It  is  true  that  from  the  earliest  times  the  numberless  sub- 
stances that  are  found  on  the  earth  have  been  distinguished 
into  living  or  organic  and  lifeless  or  inorganic, — animals  and 
plants  being  included  in  the  former,  minerals  in  the  latter 
class ;  but  it  is  impossible  to  define  accurately  the  bounds 
of  these  three  kingdoms.  Whether  a  body  has  life  or  not 
is  a  point  easUy  determined,  since  the  presence  of  life  is 
manifested  by  various  capabilities,  the  most  universally  dis- 
tributed of  which  are  those  for  absorbing  and  assimilating  a 
variety  of  food  materials.  We  know  also  from  experience  that 
die  higher  and  more  perfectly  organised  animals  differ  from 
the  higher  plants  in  possessing  sensibility  and  a.  ■^■ww  "A 
volimtaiy  morion.    But  when  we  descend  booi  Alrie  \v\^et 
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animals  and  plants  to  the  less  perfect  mganisms  belonging 
to  these  two  kingdoms  of  nature,  ve  come  eventuaUy,  on  (he 
boundaries  of  each,  to  organisnts  so  small  and  so  imperfectly 
developed  that  it  is  scarcely  possiUe  to  pronounce  an 
opinion  whether  they  are  of  animal  or  vegetable  nature. 
The  most  superficial  glance  over  the  vegetable  world  shows 
us  that  in  both  the  external  fonn  and  internal  structure  of 
plants^the  number  of  which  has  been  estimated  to  amount 
to  300,000 — there  eslsls  such  an  endless  diversity  that  we 
must  content  ourselves  with  describing  th«  forms  of  most 
common  occurrence,  themost  important  laws  of  their  internal 
structure,  life,  and  distribution,  and  the  classification  of  the 
best  known  and  most  important  plants. 

Morphology,  or  the  Comparative  Anatomy  of  plants,  em- 
braces an  acquaintance  vvih  their  most  important  organs, 
and  hence  with  their  external  form.  By  combining  with  this 
the  history  of  development  of  the  separate  organs,  i.e.  the 
mode  in  which  they  are  produced,  we  are  enabled  to  obtain 
a  correct  comprehension  of,  and  to  describe,  the  different 
parts  of  a  plant  By  the  Anatomy  of  plants  we  understand 
a  knowledge  of  their  internal  structure.  The  Physiology  of 
plants  is  concerned  with  their  vital  phenomena  [and  the  dif- 
ferent functions  of  the  various  organs].  Botanical  Geography 
treats  of  the  distribution  of  plants  ov«'  the  surface  of  the 
globe.  Palieephytology,  or  V^etable  PalEeoDtology,  makes  us 
acquainted  with  the  remains  that  still  exist  of  the  vegetation 
of  earher  geological  epochs.  Classification  has  to  do  with 
the  distribution  of  plants  according  to  their  characters  [or 
relationship  to  one  another].  Practical,  or  Applied  Botany, 
finally,  explains  the  useful  or  injurious  properties  of  plants. 

In  the  earliest  times  the  knowledge  of  plants  was  limited 
to  those  from  which  food  was  obtained,  and  to  a  few  which 
alf<siled  poisonous  or  curative  substances,  the  properties  of 
vdiich  had  been  ascertained  by  a  liappy  or  unfortunate  acci- 
dent, or  by  the  observation  of  an  animal  impelled  by  instinct 
to  their  use.     The  knowledge  thus  labonousV-j  ^ined  must 
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often  have  been  again  lost,  until  at  length  an  acquaintance 
with  medicinal  plants  became  a  s|)eciaUty  of  the  priests,  and 
the  healing  art  founded  upon  it  a  part  of  religion. 

The  father  of  medicine,  as  he  has  been  termed,  Hippo- 
crates, who  lived  in  the  fifth  century  before  Christ,  extended 
the  observations  that  had  hitherto  been  made  ;  and  we  know 
that  he  enumerated  upwards  of  200  species  which  were  at 
that  time  used  in  medicine.  But  it  was  not  till  the  following 
century  that  a  really  scientific  work  on  botany  appeared, 
written  by  the  celebrated  tutor  of  Alexander  the  Great, 
tolie.  His  work  is  unfortunately  lost  1  but  his  ideas 
come  to  us  in  the  writings  of  his  pupil  Theophrastus, 
described  400  or  500  diiferent  plants  in  iheir  relation 
agriculture,  doniestic  economy,  and  medicine.  At  his 
the  new  structure  fell  to  pieces,  or  at  all  events 
find  that  any  further  progress  was  made  witli  it.  This  was 
the  state  of  things  until,  in  the  first  century  after  Christ, 
Dioscorides  wrote  a  treatise  on  medicine,  in  which  over  600 
medicinal  plants  were  described,  though  often  briefly  and  in- 
sufficiently, and  the  elder  Pliny  collected  what  was  most 
noteworthy  from  the  writings  of  his  predecessors.  The  posi- 
tion in  which  botany  stood  at  that  time  may  be  understood 
fi-om  the  naive  statement  of  Pliny  that  there  were,  it  is  true, 
more  plants  in  the  hedges,  fields,  and  roadsides  than  those 
he  had  described,  but  they  had  no  names,  and  were  of  no 
use.  The  works  of  Pliny  and  Dioscorides  remdned  the  best 
on  the  subject  till  the  sbtteenth  century,  and  enjoyed  the 
highest  reputation.  At  that  time  German  investigators 
arose  who  aroused  the  study  of  plants  from  its  long  rest,  and 
earned  therefrom  the  honourable  title  of  the  fathers  of 
botany.  The  first  of  these  was  Otto  Brunfels  of  Mayence 
(eb.  1534);  other  German  scholars  followed  closely  upon 
him.  Bock  {ob.  1554),  Fuchs  {ob.  1566),  and  Gessner  {oh. 
1565) ;  as  well  as  some  belonging  to  other  countries,  Ma- 
thioli  (pb.  1377),  Dodonsus  {ob.  1585),  Lobelius  (oi.  i6v&'\, 
ad  Clusius  («ft   i6og).    But  no  one  ol  ftiest  xoaAii 


Ktred, 
Ari&^^J 

on  t^^^^ 

death  I 


] 

I 


'  4  Structural  and  Physiological  Botany. 

great  advance  ;  for  none  of  them  went  beyond  a  m( 
careful  description  of  different  plants. 

CEesalpinius  {ob.  1603)  was  the  first  to  devote  himself  to 
a  systematic  classification  of  plants.  He  derived  his  prin- 
ciples mainly  from  the  characters  of  the  fniit  and  from  the 
position  of  the  perianth  in  reference  to  the  pistil ;  btit  his 
primary  division  of  the  vegetable  kingdom  was  into  woody 
and  herbaceous  plants.  His  example  was  followed  by  others, 
and  the  science  received  an  ever- increasing  impetus,  directed 
by  such  men  as  TabemEemonlanus  {ob.  1590),  Alpinus  {ob. 
1616),  and  Camerarius  {ob.  1721),  an  impetus  which  was 
\  greatly  assisted  by  the  great  store  of  botanical  material  de- 
rived from  travels  in  the  East  and  m  America,  But  there 
were  no  means  of  comparing  these  fresh  discoveries  with  one 
another,  in  consequence  of  a  want  of  correspondence  in  the 
names  given  to  the  same  plant  by  different  investigators.  The 
brothers  John  and  Caspar  Bauhin  (i"^.  161 3  and  1624)  were 
the  first  to  endeavom-  to  overcome  this  difRculty.  From 
this  time  the  number  of  botanists  increased  so  greatly  that 
we  can  mention  only  those  who  introduced  new  and  in- 
fluential ideas. 

The  originator  of  the  Latin  botanical  nomenclature  was 

Jung  {ob.  11357},  rector  of  the  gymnasium  at  Hamburgh. 

Soon  afterwards,  in  1700,  Tournefort  {ob.  1708)  propounded 

a  new  system,  and  was  the  first  to  classify  plants  into  strictly 

defined  genera.     .\  year  before  his  death,  the  great  reformer 

of  botany,  the  Swede  Carl  von  Linn^  (Linnteus,  ob.  1778), 

was  bom.     It  was  he  who  first  raised  botany  to  the  rank 

which  it  should  have  attained  long  before,  of  an  edifice 

resting  on  a  firm  foundation ;  for  to  him  we  owe  the  first 

system  of  nomenclature  and  description  of  a  truly  scientific 

„  character.     But  this  was  not  all ;  for  Linn.-eus  propounded 

k^H  the  celebrated  system  that  bears  his  name,  which  has  indeed 

^^B  since  been  replaced  by  others  of  a  much  more  natural 

^^H  character,  but  which  is  unequalled  in  practical  value  if  the 

^^^parposeis  simply  to  name  any  given  planti  or  to  assign  its 
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position  in  the  system  to  any  newly- discovered  species.  The 
Linnean  system  is  an  artificial  one,  since  it  is  not  founded 
on  a  combination  of  all,  nor  even  of  several,  characters  of  a 
plant,  but  takes  into  account  only  single  characters  as  the 
primary  principle  of  classification.  There  were  therefore 
necessarily  opponents  of  the  system.  The  first  to  propose 
in  its  place  a  natural  system  was  the  French  botanist  A.  L. 
de  Jussieu  {ob.  1836),  who  took  as  his  starting-point  the 
presence  and  the  structure  of  the  embryo,  He  was  shortly 
followed  by  A.  P.  De  Candolle  {ob.  1S41)  and  Endlicher 
{pb.  1849) ;  the  foundation  of  the  primary  classification 
being  with  the  former  anatomical  structure,  with  liie  latter 
the  mode  of  growth.  The  efforts  to  construct  better  systems 
are  not  yet  brought  to  a  conclusion ;  and  we  cannot  yet  see 
their  end.  In  the  meantime  botanists  are  vigorously  at 
work  in  completing  the  botanical  material,  whether  by  the 
compilation  of  '  Floras '  which  treat  of  the  plants  of  particular 
districts,  or  by  travels  tlirough  districts  hitherto  unknown 
■or  not  yet  sufficiently  explored. 

If  we  now  attempt  to  sketch  in  a  few  lines  the  history 
of  the  development  of  the  remaining  departments  of 
■botanical  science  ; — it  appears,  as  might  be  expected,  that 
the  study  of  the  anatomy  of  plants  came  into  existence 
shortly  after  the  discovery  of  the  art  of  manufacturing  mag- 
nify mg  lenses.  The  English  botanist  Grew  {ob.  1711)  and 
Malpighiof  Bologna  (f7^.  1694)  most  be  considered  as  the 
true  founders  of  this  study.  After  the  ground  had  been 
successfully  broken  by  their  researches,  it  was  almost  en- 
tirely neglected  during  the  eighteenth  century,  and  the  in- 
vestigation has  only  recently  been  again  resumed,  and  this 
branch  of  botany  carried  to  a  truly  remarkable  perfection  by 
oui  contemporaries  A.  Braun(oA  1877),  Gijppert  (eS.  1S84), 
Von  Mohl  (pb.  1872),  Schacht  {ob.  1864),  Schleiden  {ob.  1882), 
Unger  (ob.  1870),  and  many  others. 

While  during  the  eighteenth  century  the  stndv  of  a-tva-- 
tpmy  lay  dormant,  especial  interest  was  exciw.&iXi'j  -^^iddisOT^^ 
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of  physiology,  and  a  great  many  pioneers  of  science  occupied 
themselves  with  their  solution ;  among  whom  may  be  es- 
pecially mentioned  Hales  (ob.  1761),  Bonnet  {ob.  1793), 
Duhamel  {ob.  1781),  Priestley  {ob.  1804),  and  Ingenhousz 
{ob.  1799). 

Reference  must  not  be  omitted  to  the  fact  that  the  poet 
Goethe  established  the  science  of  morphology  on  a  firmer 
basis  by  his  writings  ;  and  that  it  was  reserved  for  Alexander 
von  Humboldt  {ob.  1859),  at  the  commencement  of  thia 
century,  to  put  the  study  of  Botanical  Geography  into  a 
scientific  shape.  PalKophytology  was  advanced  especially 
by  Brongniart  {ob.  1876),  Ungcr,  Goppert,  &c.  We  must, 
however,  refrain  from  entering  into  detail  with  regard  to  the 
labours  of  our  own  contemporaries  ;  and  will  only  name  the 
most  eminent  recent  German  botanists  who  have  not  hitherto 
been  mentioned,  viz.,  among  others,  De  Eary,  Caspary, 
Dippel,  Hansiein  (ob.  1880),  Hartig,  Hildebrand,  Hoffmann, 
Hofmeister  {ob.  1877),  Karsten,  Von  Martius  {ob.  186S), 
Milde  {ob.  1871),  Nageli,  Pringsheim,  Rabenhorst,  Sachs, 
[Strasburger],  and  Schwendener.' 

'  [The  dates,  which  do  not  in  all  cases  agree  exactly  with  those 
slated  by  the  author,  are  givea  on  the  authorily  of  Sachs,  in  his  '  Ge- 
schichte  dei  Botanik.'  As  the  author  has  given  most  proniiniMice  to 
German  bolnnists,  it  may  lie  allowed  to  name  the  following  in  addilioo, 
OB  worthy  of  mention.  Among  syslcmatisls  Ra;  [a/;.  170O  holds  an 
important  place  ;  and  the  present  comparative  perfection  of  our  system 
of  classiHcation  is  due  largely  to  Lindley  [ob.  1865)  and  Benlham  {ob. 
1884).  Vegetable  anatomy  owes  much  to  the  observations  and  publica- 
tions of  A  St.  Hilaire  (0*.  1853),  Robert  Brown  {ob.  1858),  Sir.  W, 
Hooker  {ob.  1865),  Payee,  Cohn,  Sir  J.  D.  Hooker,  Asa  Gray,  and 
Berkeley ;  physiology  lo  C.  C.  Sprengel  {el'.  1816),  Boussingault,  and 
^   Darwin  (e*.  188a).— Ed.) 
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THE  CELL  AS  AN   INDIYIDUAL 


V  a  smaU  quantity  of  ihe  green  mould  {Penicilliiim  gtaiiam) 
h  commonly  appears  on  articles  of  food  that  have  been 

bept  for  a  few  days,  is  examined 
r  the  microscope,  it  is  found 
to  present  somewhat  the  appear- 
anceofaminutetree(Fig.  i).  The 
Stem  is  simple,  but  bears  at  its 
summit  a  number  of  branches 
resembling  strings  of  beads. 
Each  of  these  strings  easily  breaks 
up  into  its  separate  members ; 
and  each  of  these  members  bas 
fte  form  of  a  tiny  spherical  blad- 
der with  a  delicate  coat,  enclosing 
contents  of  a  peculiar  compo- 
sition, All  the  branches  and 
the  main  stem  consist  of  similar 
bodies,  differing  only  in  their 
greater  length  ;  and  these  bodies 

are  termed  cells.  In  the  example  which  we  have  chosen 
the  individual  cells  are  connected  with  one  another 
only  like  beads  on  a  necklace ;  but  a  dose  examination 
shows  us  that  all  parts  of  all  plants  are  formed  of  cells, 
or  are  composed  of  structures  which  have  themselves 
been  formed  out  of  cells.  Examples  of  this  are  furnished 
by  the  ripe  but  not  (00  succulent  flesh  rf  ^rctte  sa»i\  ^ "fc^ 


8  Siriictural  and  Physiological  Botany. 

appie,  slices  of  leaves  which  are  not  too  delicate,  such  ss 
the  cabbage,  etc.  Since  therefore,  at  least  at  a  certain 
period  of  their  e.visteuce,  all  plants  consist  of  one  or  more 
cells,  these  are  termed  the  elementary  organs  of  plants. 
There  is  only  this  one  kind  of  elementary  organ,  which 
may  vary  greatly  in  its  form  and  behaviour,  but  is  always 
the  same  in  its  essential  nature. 

Until  recently  the  essential  constituents  of  the  cell  were 
considered  to  be  a  more  or  less  firm  cell-wall  (Fig.  2  a), 
^  differing  in  its  chemical  compo- 

sition from  the  contents  of  the 
cell,  a«//:;?«/(^  enclosed  byit,  and 
the  nucleus,  c,  occurring  in  the 
latter.  The  cell-fluid  was  again 
divided  into  two  principal  ele- 
ments, the  watery  cell-sap,  and 
the  mucilaginous  semi-fluid  pro- 
toplasm, b,  in  the  clear  tranqiarent 
hyaline  substance  of  which  are 
^s.  2.-A«ii_fromthc™otof  imbedded  a  larger  or  smaller 
[he  iizaid-orehis,  Orchis  hir-  number  of  granules,  generally 
of  oeiiuJoM :  *  the  proiopinani  of  Very  small  size.  Some  even 
midcus  vtith  a  nucleolus,  (k  went  SO  far  as  to  consider  the 
"^  cell- wall    the    most    important 

element,  and  the  term  cell  was  applied  even  to  the  walls 
of  perfectly  dead  cells  which  had  lost  the  whole  of  their 
contents.  But  since  cells  were  subsequently  observed  in 
which,  at  least  for  a  certain  period  of  their  existence,  such  a. 
firm  wall,  differing  chemically  from  their  contents,  was 
wanting,  and  since  also  there  are  cells  in  which  a  nucleus 
is  never  found,  it  became  necessary  to  modify  the  idea  of 
a  cell,  and  the  only  essential  constituent  is  now  held  to 
be  the  protoplasm.  In  the  vegetable  kingdom  this  proto- 
plasm rarely  remains  permanently  uninvested  by  a  firm 
envelope,  but  is  usually  sooner  or  later  enclosed  in  an 
elastic  more  or  less  solid  membrane,  the  substance  of  which 
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it  secretes  out  of  itself.  Only  those  ceils  are  in  a  living  state 
■which  still  contain  protoplasm ;  such  alone  can  grow, 
produce  new  chemical  combinations,  and,  under  favourable 
drcumstances,  give  rise  to  new  cells.  Cells  destitute  of 
protoplasm  are  of  service  to  the  plant  only  by  their  hard- 
ness, their  power  of  attracting  water,  and  their  form,  or  as 
protecting  envelopes. 

Every  mass  of  protoplasm,  whether  free  or  enclosed  in  a  eeli-wall, 
has  a  deRniie  exceinal  boundary,  where  slayer  of  it  is  distinguishsl  from 
the  inlemal  portion  by  Ihe  absence  of  Lhe  imbedded  granules,  and  by 
its  greater  transparency.  This  layer,  called  the  pariclal  at  primordial 
uttTcIt,  is  not  sharply  defined  on  its  inside,  but  passes  gradually  into  the 
granular  and  less  dense  internal  mass  ;  it  is  thin,  being  only  very  rarely 
of  a  mensurable  thickness.  The  protoplasm  which  is  contained  within 
a  cell-wflU  does  not  generally  entirely  fill  up  the  cavity,  but  more  often 
occurs  as  a  delicate  parietal  layer  lining  the  cell-wall  on  the  inside, 
and  surrounding  the  hollow  cavity  filled  with  watery  cell-sap. 

The  protoplasm  is  a  compound  of  different  organic  substances, 
among  which  albuminous  ( nitrogenous)  are  never  absent,  and  usually 
ponstilnte  the  bulk  of  it.     It  therefore  easily  coagulates,  often  merely 

[he  addition  of  water ;  and  this  is  especially  the  case  in  the  cells 
those  plants  which  do  not  live  in  water.  It  nevertheless  contains 
and  is  usually  very  turgescent ;  i.e.  it  possesses  in 
ilugh  degree  the  power  of  alsorbiiig  water  between  its  most  minute 

tides,  uid  swelling  up  in  consequence  somewhat  in  the  manner  of  a 
glim,  This  power  of  absorbing  water  is,  however,  limited  ;  as  soon  as 
it  exceeds  a  certain  amount,  a  watery  fluid  is  exuded  in  drops  in  the 
interior  of  the  mass  of  protoplasm,  tomiiiig  cavities  or  imvioicr  witliin  it. 
The  protoplasm  can  combine  with  water  only  slowly  and  not  in  any 
desired  proportion  ;  and,  even  when  most  strongly  magnified,  presents 
the  appearance  of  being  separated  by  sharp  outlines  from  the  watery 
fluid  which  surrounds  it,  or  which  fills  up  the  cavities  in  its  interior. 
Waler  passes  easily  through  a  layer  of  protoplasm  ;  but  the  latter  offers, 
in  lhe  living  state,  a  strong  resistance  to  substances,  such  as  colouring 
BiaHers  or  sails,  dissolved  in  water,  which  is  generally  overcome  oiJy 
by  such  injuries  as  destroy  the  life  of  the  cell. 

Every  formation  of  new  cells  which  can  be  submitted  lo  observation 
begins  with  a  change  in  the  protoplasm,  the  true  body  of  the  cell ;  and 
this  substance  is  consequently  the  origin  o  fall  new  development.  Itdo,- 
be  destitute  of  structure,  but  must  ^  eiieai-j  ot^S™^^^! 
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must  be  simply  the  imperfection  of  our  micioseopes  which  pre- 
from  recogniiing  that  organisation  which  is  a  necessary  accompa- 
One  of  the  most  important  of  these  phe- 
nomena, is  its  molilUy  or  power  of  movement. 
A  continuous,  even  though  generally  ex- 
tremely slow  and  impercepcible,  movement 
of  the  mlnnte  particles  is  inseparable  from 
the  idea  of  life  ;  «nd  that  toovements  of 
this  kind  must  be  especially  enei^ic  In 
the  case  of  protoplasm  may  be  inferred 
from  its  extreme  importance  to  the  life  of 
the  plant ;  although  they  are  usually  nol 
visible.  Perceptible  movements  are  espe- 
ciiilly  clearly  seen  m  some  of  those  ceils 
— tenned  prinierdial  ctlls — which  are  not 
enclosed  in  a  firm  cell-wall  ;  the  move- 
ments of  the  protoplitsai  being  often  EO 
vignrons  in  them  that  the  cells  are  pro- 
pelled Id  a  considerable  distance  from  their 
original  position,  and  present  to  the  be- 
ginner the  appearance  of  animal  oi^anisma 
endowed  with  voluntary  power  of  motion. 
Instances  of  this  are  furnished  by  the 
'sH'arming'  molion  of  swarmspores  and 
antheroioids,  the  amreba-like  movements 
of  the  Myxomycetes,  &c.  Protoplasm 
which  is  enclosed  in  a  cel!-wall  has  ordi- 
narily no  power  of  escaping  from  its  enve- 
lope; but  even  when  so  enclosed  the 
microscope  shows  a  '  streaming '  of  the 
protoplasm  in  all  young  Uvi[:g  colls.  The 
course  of  the  current  is  usually  only  along 
the  wall,  and  in  simple  spiral  or  reticulate 
lines,  and  is  then  termul  rotatioH,  as  in 
Chora  and  Valiisiuria  (Fig.  40,  p,  25) ; 
when,  as  in  the  filaments  of  7>adescaiilia, 
1™»  it  passes  in  threads  and  bonds  transversely 

ihe  through  the  cell-sap,  it  is  called  drcula- 

<»46^)  ^^(Fig.  3),    The  currents  arc  apparently 

irregular,  now  advancing,  now  retreating,  sometimes  suddenly  arrested 
and  comraendftg  again  with  increased  rapidity,  and  again  forming  fyc 
tdemselres  3ev/  paths  through  the  cell-sap. 
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Possibly  in  all,  al  all  events  in  the  immense  majorily  of  cells,  is  a 
nueltHs  or  cytoblast.  In  the  dead  sUIe  Ihe  nucleus  is  a  spherical  or 
flallened  lenlicular  body  of  from  0-004  'o  0'O4  mm.  diameier ;  they 

n  possess  a  pellicle,  ajid  contain  one  or  more  imcleoli  (see  Figs.  2 
In  the  living  condition  they  are  often  very  difficult  to  recog- 

;,  but  appear  to  be  larger  than  when  dead,  and  of  variable  irregularly 


EllLpfroldal  Fic.  6.—  Hotir^htafe 

31  [he  fl&ih  shaped    cell    frdm 

peach,    tx  the     flesh    of    Ihe 

peach.    (K3;ro.) 


j^ged  form.     [Although,  a&  a  rule,  each  perfect  c 
le  nncleuii,  t-ximples  of  mullinackatcd  cells  are 


It  uncommon,  a|~ 


® 


isdilixs.  (it  390,) 


in  ihc  etnbtyo-sac  and  suspensor  of  Legumiivosa:,  Mii  i.n'Ctie'Sv^iTO 
cJadjrrnp,  a  group  ofAlgx  wiih  rcmarkahlv  Urge  biavitVicl  teWs.^ 
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The  form  and  size  of  the  naked  cell  {without  cell-wall) 
are  very  various,  in  consequence  of  the  constantly  changing 
motion  of  the  protoplasm.  In  those  which  are  enclosed  in 
a  firm  wall  or  membrane  of  cellulose,  the  cell-wall  determines 
the  size  and  form  of  the  cell.  Although  cells  vary  relatively 
so  greatly  in  size,  they  are  generally  very  rainute  even  in 
their  mature  state,  being  scarcely  visible  to  the  naked  eye, 
or  usually  altogether  invisible.    The  unicellular  Micrococcus 


(Fig.  380,  p.  245),  for  example,  is  from  o'ooi  to  o-ooz  mm. 
broad  and  long ;  the  diameter  of  pollen-grains  varies  between 
o'l  and  D'oo7g  mm.,  [while  the  pollen-tubes  may  attain  a 
length  of  I  or  z  inches].  There  are,  however,  cells  of  a  larger 
size  in  the  Characes  ;  thus  Nitdla  has  cylindrical  cells  more 
than  50  mm,  long,  and  i  mm,  in  diameter ;  [and  in  some 
groups  of  Alga:,  as  the  VaucheriaceK  and  Sipbonocladaceae, 
the  individual  consists  of  a  single  much-branched  cell 
many  centimetres  in  length].  The  walls  which  bound 
the  cells  are  seldom  flat,  but  usually  curved,  of  perfectly 
spherical,  cylindrical,  or  even  branched  and  arborescent  form. 
The  most  common  forms  of  cells  are — s^ViencaV  iJFl^  d,) ; 
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of  ihe  auicr  iiiia :  y  jmral  bandi  of 
»ht  inner  fhell :  (he  fanner  nearly 
diualvvdi    Ihe   Iaiect   partiaUy;  t 
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'  ellipsoida]  (Fig.  s) ;  hour-glass- shaped  (Fig.  6);  stellate 
(Figs.  7  and  ii);  disc-shaped  (Fig.  8) ;  crescent-shaped 
{Fig.  9)j  tabular  (Fig.  lo);  tetrahedral  (Fig.  ir);  prismatic 
(Fig.  13);  fusiform  (Figs.  14,  15);  polyhedral  (Fig.  16); 
irregularly  branched  (Fig.   17). 

All  these  forros,  to  which  many  others  might  be  added,  are  produced 
from  cells  which  are  originally  more  pr  less  spherical,  according  as  the 
pressure  to  which  they  are  subject  from  the  adjacent  cells  is  greater  or 
less,  and  according  as  the  vigour  of  iheir  growth  on  all  sides  is  more  or 
less  uniform.  It  is  by  far  most  probable  that  the  growth  of  the  cell- 
wall,  when  once  fanned,  fakes  place  solely  by  intiasusceftion,  that  is,  by 
the  intercalation  of  fresh  particles  of  cellulose  among  those  already  in 
existence.  This  process  is  the  essential  element  of  those  long-enduring 
changes  of  a  physical  and  chendcal  character  to  which  the  cell-wall  u 
subject  during  its  growth,  causing  it  to  be  of  essentially  different 
nature  from  the  shell  of  a  mussel,  on  the  inner  side  of  which  new 
layers  are  being  constantly  deposited.  The  wall  serves  not  oidy  for  the 
extemal  protection  of  the  cell,  but  is  most  intimately  connected  with  its 
life  ;  ^o  that  even  when  the  cell  has  long  ceased  to  exercise  an  active 
influence  on  the  life  of  the  plant  by  the  formation  of  new  ceils  or  by  the 
secretion  of  speciaJ  substances  within  it,  other  changes  are  still  proceed- 
ing in  the  cell-wall,  which  may  oRen  be  perceived  even  by  the  rmked 
eye  ;  as  in  ebony-wood,  the  innermost  layers  or  '  duramen '  of  which 
become  of  a  darker  colour  than  the  'alhumum'  or  layers  of  wood 
which  tie  nearest  to  the  bark. 

The  cell-wall  appears  at  first  as  a  thin,  apparently 
structureless  membrane  (the  primary  cell-wail);  in  the 
course  of  its  growth,  however,  several  layers,  iluckenitig- 
layas,  are  appareiitly  deposited  at  an  early  period  on  the 
inside.  Although  under  the  microscope  these  layers  seem 
very  clearly  defined  from  one  another  and  from  the  primary 
cell-wall,  such  a  definition  does  not  actually  always  exist 
(see  Figs.  19-21).  The  fact  that  the  cell-wall  appears  to 
consist  of  several  layers  depends  on  the  unequal  density 
of  the  separate  lamcllas  ;  and  this  caji  be  explained  by  an 
unequal  absorption  of  water,  the  layers  appearing  as  if 
quite  unstiatified  when  dry.  Always  less  evident  than  the 
^^^<ikenmg-layers,  there  can  be  perceived  on  ^ive  cf&--vR^^i 
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delicate  spiral,  longitudmal,  and  transverse  striations  (Fig. 
26,  p.  i8);and  this  j/^va/wra  is  also  as  a  rule  only  the  result 


ic=ll.(x7So.) 

of  an  unequal  absorption  of  water.    The  formaiion  of  shells, 
in  which  the  cell-wall  is  split  up  into  two  or  more  strata  of 


different  chemical  and  physical  properties,  must  be  clearly- 
dJstingaished  from   the   thickening -layers.     Each  of  € 
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shells  corresponds   to   a  complete  system  consisting  oF 
number  of  thickening-layers,  and  may  manifest  the  striation 


already  described.      This  foimation  is  peculiar  to 
coDgly  thickened  cells,  and  can  usually  be  detected  oi 


by  the  application  of  powerful  chemical  reagents,  which 
yjse  the  shell  to  split  up  by  fissures  prev'iouA'^  eyi^ijaf,'! 


The  Cdl  a 


V  Individual. 


several  spiral  bands  (Fig.  18,  p.  14).     The  thickening-layers 

often  inciease  so  considerably  that  the  space  enclosed  by  tJie 

cell-wall,  the  cdl-caviiy,  almost  entirely  disappears  {Fig.  20). 

The  increase  of  the  cell-wall  in  thickness  is  almost  in- 

,  variably  uniform  only  in  its  earliest  stage  ;  a  want  of 
unifonnity  very   soon  sets  in  at  various  spots.      This   is 

■  especially  manifested  at  the  comers  and  edges,  the  cell- 
cavily  being  always  more  or  less  rounded  off;  but  it  sub- 


sequently often  takes  place  only  on  one  side  {Fig.  ai),  or  so 
slightly  at  particular  spots  'Cca.t pitted qt pore-catiaU axz  formed 
at  those  spots.  These  are  sometimes  simple  {Figs.  19,  20), 
sometimes  branched  (Fig.  25).  The  canals  from  adjoining 
cells  constantly  nieet ;  sometimes  they  are  widened  at  their 
base  into  bordereilpits  (Fig.  23) ;  and  the  membrane  between 
these  frequently  disappears,  so  that  cells  become  ^.Vta^ni.c.'ui.'jW^ 
hrated  (Figs.  2j,  34).     Accordinj  to  tlie  de\e\.ovisiiitA  *& 
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the  pits  or  of  the  thickening-layers  we  distinguish  between 
pitted  cells  (Fig.  37),  reticulated  (dh  (Fig,  a8),  spiral  cells 
(Figs.  29,  30),  annular  cells  (Figs.  31-34),  and  scalartforrit 
(ladder-like)  cells  (Fig.  36).     A  slcrenchymatous  cell  (Fig.  25) 


niformly  very 


is  one  in  which  the  cell-wall  has  becom 
greatly  thickened  and  hardened. 

The  increase  in  thickness  of  (he  cell-w:ill  takes  a  very  peculiar  form 
in  the  epidennal  cells  of  man;  Uiticacex  and  of  some  other  plants. 
In  rhe  interior  of  specially  enlarged  cells,  stratified  and  finally  cluh- 
shaped  otitgrowtbs  of  the  wall  ore  fumicd,  in  which  are  dcpodieil 
small  crystals,  scarcely  or  not  at  all  dislinguiahaUe  as  such,  of  cal- 
cium  cubouate  (Fig.  37).     These  clustered  structures  are  koown  as 
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ie  cell -wall  consists  of  a  peculiit  substance  called  fs//«/wf,  having  B 
mical  composition  C,II,,0,.     It  is  found  in  the  pure  st 
%  cells ;  \a  older  ceila  it  is  often  concealed  by  other  bodiefl 
e  said  to  incrust  il,  or  becomes  altogether  transformed  L 
ler  subElances.      Cell-walls  are   intimately  permealed,   i 
incruslatioii   or   injiliralian,    by  other  substances    which  are   de-^ 
lited  amung  the  particles  of  cellulose.     The  cell-walls   of  r 


^^5 


e  converted  hj  incrastalion  into  actnal  coats  of  silica,  which 
n  marked  with  very  beautiful  tracings,  so  fine  that  Ihey  a 
i  as   lest-oliecla  under   the   microscope ;   and  this   is  especially 
case  in  the  diatoms  (Fig.  38).     Coats  of  silica  and  other  inorEahic 
listing  masses  often  remain  as  skeletons  after  combustion  of  ilw 
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The  direct  transfonnalion  of  cellulose  into  oilier  substances  ii 

veiy   common  phenomenon.     The  products   of  trnn formation 

formed  either  iiaport  special  properties  to  the  cell-wall,   or  thej  ^ 


which  cellulose  is  converted 
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lie  second  tind,  in  which  the  transformed  and  absorbed  portions  of  the 
celt-wall  are  retained  to  support  the  life  of  the  plant,  have  tieen  comprised 
under  the  term  raarptiim.  To  this  class  belong  the  disappearance  of 
particular  portions  of  the  cell-wall  in  the  coalescence  of  cells  to  be  here- 
after described,  as  well  as  the  resorption  in  the  fonnation  of  bordered 
pits,  in  which  the  ce!!-waiU  between  the  canals  have  become  absorbed. 
As  examples  of  excreta  produced  froni  cellulose  by  transfortnalion,  and 
no  longer  of  service  for  the  life  of  the  plant,  at  least  in  the  formation 
and  nourishment  of  cells,  we  may  regard  gum-arabic,  cherry-gum,  gum- 
tiagacanth,  and  other  similar  substances.     In  somecases  only  particular 


Df  ihc  seed  or  Pdt, 


I 


cells  art  lubject  to  these  transformations ;  in  others  all  without  distinction. 
Thus,  for  CKample,  in  the  stem  of  the  cheny  or  plum-tree,  gum  may  be 
produced  from  any  kind  of  cell.  Of  a  somewhat  similar  nature  to  this 
formation  of  gum  is  the  tairversiBK  into  miicUage  of  the  epidermal  cells 
of  many  seeds,  as  in  linseed  and  qumce  seeds.  In  these  cases  the  celt- 
wall  is  excessively  thickened;  but,  wl,i!e  otherwbe  retaining  all  its 
special  charactenstics,  the  innermost  layers  swell  up  to  an  extraordinary 
extent  in  water,  so  that  they  buret  the  outer  layers  which  have  not  the 
same  property,  and  emerge  as  a  transparent  mucilage  (Fig.  39). 
The  secretions  of  cells,  which  will  be  referred  to  hereafter,  must 
not  be  confounded  with  these  products  of  transformation  of  the 
cell-wall. 

Besides  protoplasm,  the   nucleus,  fee  "sa^^Tj  ce4.-^-K^^ 


I 
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and  the  solid  substances  and  gases  contained  in 
state  of  solution,  there  occur  also  in  the  cell  various 
special  ceU'Conltnts.  Among  the  more  important  substances 
of  this  nature  are  albuminous  or  proteinaceous  substances, 
chlorophyll,  other  pigments,  starch  crystalline  formations, 
aleurone,  resin,  oils,  caoutchouc,  sugar,  tannic  acid,  and 
inulin. 

ChlarofAyll,  the  source  of  the  green  colour  of  plants,  is  always 
combined  -with  parlicles  of  protoplasm  of  definile  form,  which  in 
consequence  appear  ofa  green  colour,  and  are  called  rhlorophyU-bodUs, 
These  occur  only  in  those  cells  which  possess  a  cell-wall,  never  in 
naked  primordial  cells.  They  are  usually  lenticular,  tately  in  the 
form  of  bands  (as  in  the  Conjugate  Fig.  41),  stellate  figures^  or  in 
undefined  flakes.  Chemists  are  not  yet  agreed  as  to  the  chemical 
composition  of  chlorophyll ;  but  it  is  probably  compcsed  of  two  inde- 
pendent coiouriog  substances;  a  golden  yellow  and  a  blue-green  j  it 
is  possible  also  that  iron  is  an  essential  constituent  of  it.  The  access 
of  ligbt  is  also  an  indispensable  condition  for  its  fonnation.  Plants 
nsually  green  become  bleached  or  etiolated  when  grown  in  the  dark  ; 
a  very  small  quantity  of  light  is,  however,  sufficient  to  produce 
chlorophyll  in  many  plants  that  grow  in  Ihe  shade.  The  germinating 
seeds  of  many  ConiferK  and  tie  ftonds  of  ferns  afford  a  striking 
exception,  becoming  green  even  in  absolute  darkness  when  the 
temperature  is  sufficiently  high.  The  chlorophyll -bodies,  which  arise 
from  and  in  the  protoplasm,  remain  subsequently  imbedded  in  it,  and 
are  especialiy  found  in  a  motionless  layer  of  the  pariettd  coating; 
rarely,  as  in  VaUisneria  spiralis  {Fig.  40),  in  the  currents  themselves 
of  the  protoplasm.  They  consist  of  a  colourless  protoplasmic  £ilida- 
mental  substance,  in  which  the  green  colouring  matter  is  imbedded. 
They  possess  no  proper  membrane,  although  the  outermost  layer 
is  denser,  the  density  decreasing  gradually  towards  the  Quid  interior. 
In  their  interior  are  ollen  found  granules  of  starch,  which  have  been 
formed  there  under  the  inBuence  of  light.  The  chlorophyll-bodies 
do  not  usually  increase  greatly  in  size  ;  when  fiilly  farmed  they  imiltiply 
by  divi^on,  each  splitting  up  into  two  new  bodies.  [Chlorophyll  is 
readily  soluble  in  alcohol,  and  possesses  a  distinct  and  characteristic 
spectrum.  Much  attention  has  recently  been  paid  to  its  constitutioo. 
Pringsheim  regards  as  its  most  important  ingredient  a  substance  which 
he  calls  kyfoehhrin,  which  can  be  separated  in  the  form  of  brown 
^ettaoasip^s,  in  which  the  green  colouringmatter  is  dissolved,   Whea 
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'  I  -itrsl  fonned,  the  clilotophyll-bodies  nre  almost  ileslilulc  of  colour,   Whe 
kepi  in  ihe  dark,  Ihe  green  parts  of  a  plant  become  gnulually  'bleache 
or  etiolated,  from  the  disappearance  of  the  chlorophyll -eroins      ~' 
vari^alcd  colour  of  leases  in  antumn  is  due  to  a  transformation 
chlorophyll  into  other  analogous  substances.] 

The  parts  of  plants  which  are  not  green,  as  Ihe  petals,  have  peculia 
pigmmii  in  their  cells,  sometimes  dissolved,  sometimea  as  solid  particloH 
I'articlcs  of  a  red  pigment  are  found,  for  example,  \a  Adonis  aulumnaH 
in  diameter,  of  an  orange  colour  va  Zinnia  eUsatis,  jellt 


ofproio- 


Kerria  japoHica.  A  violet  colnnr  is  always,  a  blae  colour  usually,  due 
to  dissolved  pigments.  As  an  evamplc  how  peculiarly  the  separate 
pigments  may  be  distributed  in  different  superimposed  layers  of  cells, 
themarginal  flowers  in  the  capitulum  of  Zirt«&i«/f^«j  are  scarlet  on  the 
upper,  light  yellow  on  the  underside,  the  uppermost  layers  of  cells  con- 
tain a  purple  sap  with  orange  granules,  all  the  rest  a  colourless  saij 
"iasmallerDumberofJiglit  yellow  granules.     On'4fe(«eciSiS'«\M(^ 
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are  filled  with  air  appear  white  ;  a  black  appearance  depends  • 

shade  nf  a  violet  or  brown  colour.     The  conditions  which  favour  the 

formation  of  the  bright  pigments  are  not  yet  known;  the  agency  of 
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Sliil  more  widely  dislriliuted  in  Ihe  vegetnlile  kingdom  thsn 
chlorophyll  is  slai-ck.  With  a  great  external  variability  in  form,  grains 
of  stitch  possess  Lhe  common  chnracteristio  of  tarning  nn  indigo-bliie 
colour  on  treating  with  an  aqueous  solution  of  iodine.  They  have  the 
same  chemical  composition  as  cclluloae,  C,H„0, ;  they  aie  insoluble  in 
cold  walec,  but  swell  up  vety  strongly  in  boiling  water,  forming  a 
paste.  If  stnrch  mixed  with  saKvn  is  heated  for  some  time  to  4S°  or 
55°  C,  the  siibslance  which  ie  coloured  blue  by  iodine  \s  removed.  The 
conclusion  which  naturally  follows,  that  starch  consists  of  the  substance 
that  is  coloured  blue  by  iodine,  ^rvinu/a«,  tr^ther  with  a  cellulose  sub- 
stance that  is  not  socolouted,  called /nr/no«,  must  not,  however,  be  con- 
sidered as  finally  (ietetmined.  The  grains  of  starch  are  formed  origin- 
ally within  the  chloiophytl  (Fig.  47].    On  their  firU  origin  they  appear 


Ms.) 

OS  inHnitesimally  small  bodies,  whidi  are  invariably  of  a  spherical  fonn 
until  they  have  attained  a  certain  siie.  In  the  course  of  their  further 
growth  Ihey  deviate  in  avariety  ofivays  from  this  form  (Figs.  42-46). 
Tile  fully-developed  starch-grains  of  the  sorrel  and  of  the  tuberous  roots 
of  the  orchis  are  spherical ;  those  of  the  grains  of  cereals  lenticular  ;  ot 
the  potato  ovmd  ;  grains  of  the  shape  of  a  rod  or  bone  are  found  in  the 
latex  of  tropical  Euphorbias,  &c.     (Fig.  46,) 

Mature  starch-grains  consist,  as  a  rule,  of  a  numlier  of  layers  which 
appear  to  have  been  deposited  around  a  central  or  eccentric  nucleus  ; 
but  it  is  impossible  to  believe  that  separate  layers  have  been  actually 
so  formed  in  the  course  of  growth ;  it  is  much  more  probable  that 
they  grow  by  intussusception  (see  p.  15),  and  that  the  strati lioation  is 
only  the  consequence  of  the  layers  or  shells  containing  a  larger  or 
smaller  quantity  of  water,  as  is  show-n  by  perfectly  dry  grains  of  starch 
being unst ratified,  throughout.     Those  grains  whkhcQ 


etertnrf  -^ 
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nuclei,  suiTounded  by  a  common  system  of  peripheral  layers,  i 
semi-compound   (Fig.   42  d) ;   compound  ivlicn  the  divisii 


of  JSuMarila 


i"io.    «7.  —  Chlom-  Fic.  4a.— Crystal,  from  Ihe  leaf 

phyU-gcain  of  /"i-  of  Brgama  luracM/"'"'  -  "■ 

iea    viMcna,    en-  a  angTe  qoadrate  DctohcdmJi : 

elnang  four  starch-  /',  twm-cryslals  of  the  same 


I   separate  the  grains  have  advanced  as  far  as  the  ODler  drcamference 
I  ^Fig.  45).      In  opposition  to  these  truly  compoimd  giains  those  are 


af  of  BtgpHiii  Jkfracitiffltia  {quB' 
.  .xn  octohcdra) ;  i  frnm  Ibi  Ucia  01 
UmligaunliHlicum.  {x  660.) 

»<alleil  pseudo-compound  where  several  arc  enclosed  It^elher  in  one 
a  gnin  of  chJoropliyll  (Fig.  47I.     Onljinatom^raiatively 
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small  nnmber  of  groups  of  pLinEs  has  no  starch  been  found  ;  bul  this 
occurs  Ihtoiighout  Ihc  clnss  of  Fungi.  The  purpose  of  the  fonnxtion 
of  slarcli  \i  that  it  may  be  slorml  np  in  the  cells  as  a  riserve  foOil- 
•trial^  which  becomes  dissolved  in  the  subsequent  formnlion  of  new 


cells,  and  can  then  be  used  as  a  formative  material.  It  is,  therefore,  de- 
pMited  in  especially  large  quantities  in  bulbs,  tubeis,  seeift,  ■^i*S«:i\- 
gnuDs,  and  geneisUy  ia  those  organs  which,  when  \e^i;la.\;\oiv  a.-witea. 
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farm  t)je  starting-poinis  of  Ihe  new  formation  of  large  numbers  of  cells, 
(See  also  Chap.  V.) 

Crystals  occur  in  particular  cells  in  almost  all  Ihc  liiEher  vbscoIk 
plaols,  less  often  also  in  the  leas  highly  o^anised  Ciyplogams  ;  ind  in 
Conifers  are  also  ftequently  fount!  imbedded  in  the  cell-wall.  They 
usually  consist  of  calcium  oxalate.  The  crystals,  when  separate,  con- 
six  equivalents  of  water  of  crystallisation  ;  their  slem-form  is  a 
blunt  quodittlc  octahedron  (Figs.  48,  49,  51).  The  bundles  of  acicular 
crystals  or  raphida  (Fig.  50)  have,  on  tlie  other  band,  only  two  equi- 
valents of  water  of  crystal lisatiun. 

The  aSiuminoui  or /rato'nafeoui  substances  contained  in  the  ceil  are 
of  special  importance,  since  theysland  in  Ihc  closes!  relationship  to 


protoplasm.  Their  presence  is  generally  detected  with  tolerable  ease 
under  the  microscope,  being  coloured  red  by  the  addition  of  water 
and  sulphuric  acid  or  mercury  subnitrale.  They  usually  appear  to  be 
perfectly  dissolved  in  the  cell-sap,  often  as  granular  masses,  more 
rarely  in  a  ciystalline  form,  as  pvlctn-iryilals  or  crystalloids.  Thej 
aiibit  all  ibe  eosenliai   properlies  of  pioloplasm,  oni  are  mA  WMt 
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cryslals,  differing  from  these  essenliaUy  in  many  respecLs.  Tiie  cubic 
ciystaiioidi  of  Ihe  polalo,  for  example  (Fig.  52),  are  not  dissolved  by 
water,  but  break  up  in  n  peculiar  manner,  so  as  to  appear  as  if  composed 
of  several  layers.  Crystalloiila  generally  occur  in  the  cells  in  which 
reserve  food  .materials  are  stored  up  for  future  use,  especially  in  oily 

Grains  ota/i™™™  occur  frequently  in  the  etidosperm  and  Ihe  cotyle- 
dons. In  seeds  which  contain  starch  this  alhumtnous  substance  includes 
only  a  little  oil,  and  does  not  form  granules,  as  in  the  grasses,  bean, 
vetch,  sweet  chestnut,  &c.  In  oily  seeds,  on  the  conliaiy,  such  as  the 
Brazil  nut,  nutmeg,  Umbellifera;,  &c.,  it  replaces  the  starch-grains. 
Crystals  of  calcium  oxalate,  or  roundish  or  clustered  grannies  (globoids), 
a  double  calcium  and  magnesium  phosphate  in  which  the  latter  is 
greatly  in  excess,  are  frequently  found  in  the  grains  of  aleurone, 
imbedded  in  albuminous  substance. 

The  roots  of  CorapositiB  [and  of  some  other  plants],  and  less  often 
Ihe  stems,  contain  a  peculiar  substance  called  inulia.  In  the  living 
cell  it  occurs  only  in  solution,  and  is  only  precipitated  on  evaporation 
or  on  the  addition  of  alcohol  or  of  some  other  substance  that  has  a 
strong  attraction  for  ivatcr.  If  the  process  is  successfully  end  rapidly 
performed,  the  inulin  has  the  form  of  fine  granules  which  have  often 
a  frothy  appearance  ;  hut  if  the  process  goes  on  for  a  considerable  time, 
it  forms  beautiful  spherical  bodies,  called  sphere'cryitals  (Fig.  53).  In 
its  composition  inulin  is  aoalogous  to  starch. 

Besides  these  substances  and  those  already  mentioned,  otheis  oflen 
occur  dissolved  in  the  cell-sap,  the  presence  of  which  is  proved  by 
chemical  tests,  but  which  cannot  be  detected  in  the  cell  itself 
the  microscope.     To  this  class  belong  especially  the  al&aioidsy 
nine,  bmcine,  chininc,  cinchonine,  &c. 


\Continuiiy  of  Protoplasm.  The  cell,  while  in  a  living 
condition,  has  till  lately  been  regartled  as  being  alivays  a 
perfectly  closed  vesicle  with  imperforated  cell-walls.  Recent 
researches  have,  however,  shown  that  in  some  cases,  espe- 
cially in  endosperm -cells,  in  the  motile  organs  of  such 
leaves  as  those  of  Afimosa,  and  in  the  fronds  of  many 
Floridere,  very  delicate  threads  of  protoplasm  pass  through 
the  cell-wall,  and  maintain  a  connection  between  the 
protoptasinic  contents  of  adjoining  cells.    The  sieve-pores 
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of  sieve-tubes  are  also  penetrated  by  similar  threads  af' 
protoplasm.] 

By  the  tenn  Cdl-forviaiion  is  understood  the  mode  of 
origin  and  multiplication  of  cells,  Fom:  main  tj-pes  of  cell- 
formation  may  be  distinguished  : — 

I.  The  Renewal  at  Rejuvenescence  of  a  cell,  i.e.  the 
formation  of  a  single  new  celi  from  the  entire  protoplasm  of 
a  cell  already  in  existence.  This  occurs  in  the  formation  of 
a  zoospore  out  of  the  entire  con- 
tents of  a  vegetative  cell,  especially 
among  the  Algse  (see  Classification 
of  AlgK,  Chap.  VI.) 

a.  Conjugation,  ^r  the  coales- 
cence of  two  or  more  protoplasmic 
bodies  in  the  formation  of  a  cell. 
This  begins  w-ith  the  lateral  ap- 
proach of  two  neighbouring  cells, 
and  the  appearance  of  an  opening 
at  the  point  of  contact,  concluding 
with  thfe  complete  union  of  the  con- 
tents of  the  two  cells  for  the  purpose 
of  reproduction.  In  its  typical  form 
it   is   limited  to  a  few  AlgK  and 

Fics*.— ConJBCTlianandriKinB-    -purpi       fFiff    C a  1 
iionofiTgoipwniinV''»o™    -i^ungl-      ^rjg.  54.; 

Xa^^b'<Jii^i°%S^a  3'   C^'^-'^"'"''"*' or  the  division 

gaicd;  c,  d  suiKessivc  stages  of  the  protoplasmic  contents  of  the 

ofdonjupilion.  (X  3M.)  ■    ■      ,  J.  1,     ■ 

original  mother-celt  into  portions 
from  which  are  formed  the  new  datig/ifer-cells.  When  the 
original  cell  possesses  a  nucleus,  this  process  is  preceded 
by  the  division  of  the  nucleus.  This  is  by  far  the  most 
common  form  of  the  multiplication  of  cells,  since  upon  it 
depends  all  normal  vegetable  growth. 

In  the  course  of  the  division  of  the  cell,  the  nucleus 
undergoes  great  changes.  It  becomes  coarsely  granular, 
iind  appears  striated  longitudinally  in  a  direction  at  tight 
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plate  {see  Fig.  54  A),  the  two  new  nuclei  being  formed  at 
its  ends.  After  tlie  division  of  the  nucleus,  the  first  stage 
of  cell-division,  the  formation  of  the  new  cell-wall  takes 
place,  which  may  be  either  gradual  or  simultaneous,  In 
the  latter  case  (Fig.  55  I)  the  formation  <rfthe  nuclear  plate 
is  followed  by  that  of  a  plate  of  cellulose,  the  first  rudiment 
of  the  new  cell-wall.  The  threads  of  the  original  nucleus 
which  still  remain  then  disappear,  and  the  daughter-cells 
are  now  fully  formed.  When  the  cell-wall  is  fonned  gradually, 
it  first  makes  its  appearance  as  a  narrow  ring  on  the  inner 
surface  of  the  wall  of  the  mother-cell,  this  ring  gradu- 
ally increasing  in  breadth  until  it  becomes  a  plate  which 
divides  the  entire  cavity  of  the  mother-cell  into  two 
chambers.  This  mode  occurs  in  the  formation  of  the  cell- 
wall  of  many  filamentous  Algie  (Fig.  56) ;  the  simultaneous 
formation  is  the  ordinary  mode  of  increase  of  vegetative 
organs. 

A  special  form  of  cell-division  is  that  known  as  Gemma- 
tion, which  occurs  especially  In  Saccharomyces  (see  Fig.  3S1, 
p.  249).  A  vesicular  protuberance  here  makes  its  appear- 
ance on  the  mother-cell,  into  which  a  portion  of  the  proto- 
plasm enters ;  this  protuberance  is  ultimately  cut  oif  by  a 
wall  of  cellulose,  and  the  two  cells  then  sejiarate  from  one 
another.  The  daughter-cell  may  put  out  similar  buds  before 
its  separation  from  the  mother-cell ;  and  in  (his  way  colonies 
of  buds  are  formed. 

4.  In  Free  Cell-fortiiation  the  masses  of  protoplasm  of  the 
mother-cell  collect  around  the  nuclei  previously  produced, 
and  thus  form  themselves  into  new  cells  which  remain 
enclosed  within  the  mother-cell,  the  life  of  which  still 
continues  for  a  time.  In  most  cases  they  have  already 
formed  a  cell-wall  of  cellulose  while  still  enclosed  within  the 
mother-cell,  as  in  the  case  of  pollen-grains  and  the  embryo- 
sac  of  Phanerogams  (Fig,  55  11.) ;  less  often  not  till  after 
their  escape,  as  occurs  in  zoospores.     [Free  cell- formation 
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^^Hburs  only  in  the  formation  of  organs  connected  directly 


CHAPTER   II. 

CELL  AS  A  MEMBEK  OF   A   GROUP  OF  SIMILAR  CELl 


a  comparatively  small  number  of  plants  consist,  during 
die  whole  period  of  their  existence,  of  a  smgle  cell ;  in  the 
greater  number  the  cells  are  united  into  groups.  The  pro- 
duction of  these  groups  of  cells  is  caused  by  two  circum- 
■stances  ; — In  the  first  place,  the  cell-walls  of  young  con- 
tiguous cells,  where  they  are  in  contact  with  one  another, 
amalgamate  into  a  homogeneous  mass ;  and  secondly,  cells 
originally  distinct  coalesce  with  one  another  when  the 
portions  of  the  walls  that  are  in  conlact  are  of  nearly  the 
same  nature.     This  union  of  adjacent  cells  is  so  \W,\ma\a 
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that  it  can  be  aitificially  destroyed  only  by  chemical  rt-  ' 
agents  which  dissolve  the  outermost  layers  of  the  cell-waUs 
themselves.  It  nevertheless  happens  very  frequently  that, 
in  consequence  of  the  unequal  growth  of  adjacent  cells,  the 
cell-walls  which  have  already  coalesced  again  partially  or 
entirely  separate  from  one  another,  so  that  a  cavity  or  inter- 
cellular space  is  formed  between  these  cells  (Figs.  60,  63) 
The  form  and  arrangement  of  these  small  intercellular  spaces 
differ  greatly  in  different  plants,  and  in  different  parts  of 
the  same  plant.  They  occur,  for  example,  between  the 
spherical  cells  of  certain  groups,  where  they  form  together 
a  system  of  intercellular  passages,  which  often  increase 
into  capacious  air-cavities,  air-cana!s,  or  large  open  spaces. 
The  causes  which  co-operate  in  the  formation  of  these  in- 
tercellular spaces  may  be  very  various ;  in  addition  to  the 
separation  of  cells  previously  united,  a  dismemberment  and 
subsequent  drying  up  of  dead  cells  may  be  especially 
mentioned. 

There  is  no  special   substance  uniting  and  imifoi-mly  cemeuting 
together  the  individual  cells  ;  but  if  groups  uf  thick-walled  cells  are 
examined,  it  is  generally  foimd  that 
the  contiguous  cells  are  connected 
together  by  a  uniform  median  layer 
apparently  common  xo  the  two  celis. 
It  was  the  figuring  of  this  structure 
(Fig.  57)  which  originated  the  idea 
of  a    peculiar   'intercellular   sub- 
stance '  not  belonging  to  the  cells  ; 
but    a    more    enact    invest^tiOQ, 
especially  of  the   development  of 
the  groups  of  cells,  shows  that  even 
in  these  cases  there  is  no  indepen- 
ellular      '^™''   °'^'^''"  layer,   but  rather   a 
which      region  where    a    cnalescenM   lifti 
"   jl^      taken  place  of  contiguous  cell-waUs 
whicii  may  have  undergone  in  the 
ir  growth  some  important  change  in  their  chemical  nature. 
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Certain  differences  exist  in  the  groups  of  similar  cells, 
Kording  to  which  they  are  distinguished  as  faroilies  of 
;,  tissues,  and  fusions  of  cells, 
A  celi-family  originates  from  a  single  mother-cell ;  and 
»ch  of  the  daughter-cells  preserves  its  own  individuality, 
which  can  even  proceed  as  far 
as  separation  from  the  family. 
In  Pediasiriim  roiula,  for  ex- 
ample {Fig.  58),  the  green 
contents  of  each  mother-cell 
break  up  into  several  spherical 
of  Pcdi^atriim  (iaughter-cells  ;  the  innermosl 
membrane  of  each  separate 
n  protrudes  through  a  fissure  and  rapidly  en- 
larges, in  order  to  make  room,  in  the  cells  formed  in  it,  for  a 
creeping  motion  which  lasts  for  some  time. 


n 


^ycn ;  deach  cell  has  dfrvvLoped  a  !«paraie  ceb-wsll ;  e  ihn  oiigmnl  Ddl-wnlli 
have  hum,  andtbe  separate  cell*  have  become  ftw  i  theyconiiniii:for»inodnia 
inaiatioD,  then  come  10  r&t,  and  derElopcnewfainiHu,  (ArtctCieokaw^  k  33a) 

Ihis  motion  ceases,  the  sister-cells  place  themselves  together 
so  as  to  form  a  plate,  and  produce  in  their  development  a 
new  colony.  Cell-families  occur  only  in  the  lowest  classes 
of  plants,  the  Algffi  and  Fungi  (Fig.  59). 

The  union  of  cells  into  tissues  and  cell-fusions  is  perma- 
nent, and  is  combined  with  a  limitation  in  vaivovis^a^^  cR'SiK 
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functions  of  the  separate  cells.  In  the  fonner  the  cells  unite 
only  into  a  group,  the  elements  (separate  cells)  of  which  can 
still  be  easily  recognised,  and  still  possess  a  certain  individn-^   | 


ality ;  in  the  latter,  on  the  contrary,  the  separate  cells  coalesce 
into  a  single  individual,  the  elements  of  which  are  often  com- 


pletely indistinguishable  as  such.  Both  are  of  much  greater 
importance  in  the  vegetable  world  than  cell- families,  since 
iheir  occurrence  is  inconjparably  more  iieqaec 


Tlu  Cell  as  a  Member  of  a  Group. 
If  tlie  cells  which  constitute  a  tissue  are  pointed  at  their 


ends,  much  longer  than  broad,  and  dovetailing  into  one 
another,  the  tissue  is  called  prosenchyma.  If  the  cells,  on 
Other  hand,  are  arranged  in 
rows,  are  bounded  by  flat  or 
curved  walls,  and  not  much 
longer  than  broad,  it  is 
called  parenchyma.  The  two 
kinds  of  tissue  frequently  pass 
over  into  one  another,  and 
may  be  more  or  less  regular 
according  to  the  mode  in 
which  the  cells  have  been 
developed  (Figs.  60-63).  To 
special  forms  the  terms  collen- 
c/iyma  and  '  tela  contexta '  have 
been  applied.  The  former 
usually  consists  of  cells  which 
have  become  more  strongly 
thickened  at  the  corners 
than  at  the  sides ;  the  thicken- 
ing-masses are  also  capable 
of  swelling,  so  that  when  tliey 
lie  in  water  they  appear  glossy 
and  swollen,  and  assume  a  p,Q^  ^. 
gelatinous  or  mucilaginous 
character  (Fig.  64).  'Tela 
contexta'  is  a  tissue  in  which  the  simple  or  branched  elon- 
gated thread-like  cells  are  not  regularly  imited  to  one 
anotlier,  as  is  the  case  in  the  kinds  of  tissues  previously 
described.  The  separate  cells  are  in  this  case  arranged 
in  threads  which  do  not  run  parallel  to  one  another,  but 
cross  irregularly,  forming  a  tissue  the  separate  cells  ol 
which  are  not  unfrequently  grown  or  cemented  together 
in  an  intimate  manner  and  in  a  variety  of  wa^s.  TV\s  ocKWti 
in  Fungi,  Lichens,  and  some  Algae  (Fig.  65,  p.  \i).    ^o^^a- 
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times,  especially  in  the  pileus  of  certain  Fungi,  particular  ' 
cell-layers  of  a  '  tela  contexta '  form  an  apparently  regular 
parenchyma,  in  which  however  the   whole  co\irse   of  de- 
velopment shows  that  we  have  here  distinct  but  contiguous 
filaments  of  cells  {i.e.  filaments  of  distinct  cells  arranged  in 
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rows) ;  and  a  tissue  of  this  !cind  has  therefore  been  called  a 
pseudo-parenchyma.  [A  tissue  composed  entirely  of  scleren- 
chymatous  cells  (Fig.  25,  p,  17)  is  known  as  scleren^yma, 
and  is  one  of  the  hardest  tissues  known  in  the  vegetable 
kingdom.  Good  examples  occur  in  the  'stone'  of  stone- 
fruit,  the  shell  of  nuts,  &c.] 

With  respect  to  the  production  of  new  cells,  even  super- 
ficial observation  shows  that,  at  least  in  the  higher  plants,  as 
for  example  in  trees,  it  does  not  proceed  everywhere  uni- 
formly, but  is  confined  to  particular  spots.  To  spots  of  this 
nature  the  terms  growing  point,  cone  of  growth,  and  grow- 
ing or  formative  layer,  have  been  applied,  according  to 
their  degree  of  development    InsW-ncea  Qt  gcQ-Nm^ 
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ur  in  the  apices  of  buds  ;  of  formative  layers  between 
wood  and  the  bark  of  [exogenous]  trees.  Both  owe 
:ir  special  character  to  the  formation  of  new  cells  or 
;ans  by  means  of  a  special   tissue  to  which  the  names 


<-piative  or  generating  tissue  and  meristem  have  been  given. 
In  contrast  to  this,  a  tissue  in  which  the  cells  are  not  as  a 
rule  capable  of  dividing,  is  called  a  permanent  tissue,  and 
the  separate  cells  which  no  longer  serve  for  the  formation 
of  new  cells,  permanent  cells. 

The  generating  tissue  of  the  growing  point  of  flowering 
plants  is  parenchymatous,  and  is  called  primary  paren- 
[Jiyma  ot  primary  merisiem,  because  every  kind  of  cell  and 

rery  part  of  the  plant  may  or  actually  does  develope, 
^ectly  or  indirectly,  from  it.     Independently  of  growth 

|S  actual  increase  ia  size  of  the  individual  cefis,  &e  m 
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growth  of  plants  depends  mainly  on  the  constant  fresh  formi*- 
tion  of  this  tissue. 

The  increase  of  thickness  in  plants,  on  the  contraq^,  i 


iformi*-   I 


Fig.  65— 'Tela  ennli 

Fungui,  Atmmlu  ,....,...,»  .  ,  ^....^  ,  ^.  .-...„..„,..  ^.i.. 

occurs  especially  in  those  parts  where  there  are  permanent 
structures  which  increase  in  diatact; 


^H  The  Cell  as  a  Member  of  a  Group. 

period  of  their  existence,  chiefly  or  even  exclusively  from 
the  formation  of  a  special  generatiug  tissue,  the  cambium. 
The  cambium  is  usually  a  prosenchymatous  tissue,  not 
found  in  the  growing  point,  but  distributed  elsewhere  in 
very  various  parts  of  the  plant.  To  it  is  due  the  final  deve- 
lopment of  the  fibrovascular  bundles,  which  however  originate 
in  its  forerunner,  the  procamblum.  The  cambium  forms, 
according  to  circumstances,  a  central  cambium -cylinder, 
or  isolated  dispersed  cambium- bun  dies,  or  a  cambium- 
ring.  A  thickening-ring  of  this  character  occurs,  for 
example,  in  the  layer  formed  between  the  wood  and  the  bark 
of  those  trees  which  are  characterised  by  the  formation  of 
annual  rings.  In  the  most  lowly  organised  plants,  the  Fungi, 
Lichens,  and  Alg£E,  both  kinds  of  generating  tissue  are 
wanting,  and  every  one  of  the  cells  has  an  equal  capacity  for 
originating  new  vegetative  cells,  i.e.  such  as  serve  only  for 
growth  and  not  for  reproduction.  Although  the  production 
of  new  cells  is  the  special  province  of  the  specific  generating 
tissues  now  described,  this  does  not  imply  that  the  elements 
of  other  tissues  are  entirely  destitute  of  tliis  power  ;  on  the 
contrary,  it  is  strikingly  manifested  in  the  annual  and  espe- 
cially in  succulent  parts  of  plants. 

In  direct  contrast  to  the  generating  tissues  are  the 
healing-tissues,  suberous  tissues,  or  cork-tissues.  The  former 
are  of  service  to  the  plant  by  their  long-continued  and  vigor- 
ous growth  and  the  formation  of  new  cells  ;  while  the  latter, 
dying  quickly,  lose  their  cell-sap ;  their  cell-walls  become  con- 
verted into  cork,  and  thus  form  a  mantle  or  envelope  which 
protects  the  subjacent  cells  from  injurious  influences  of  all 
kinds.  T«'o  kinds  of  this  tissue  are  distinguished — true  cork 
or  suber,  and  periderm  ;  the  ti\-o  are  not,  however,  sharply 
separated,  but  pass  into  one  another  in  a  variety  of  ways. 

True  cork  is  a  very  elastic  tissue  consisting  of  thin-walled, 
usually  nearly  cubical,  cells  (Fig.  66).  It  does  not  peel  off, 
but  often  contains  long  clefts,  as  is  commonly  seen.  \Ti  VW 
'  ari  of  the  maple. 


^^^ui  of  the  maple. 
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Peruicrm  consists  of  tabular  cells  with  thicker  iraJIS; 
.which,  when  looked  at  vertically,  have  a  regular  polygonal  o 
stellate  appearance.     It  has  in  general  more  vital  power,  and 


ia  firmer,  less  elastic,  and  more  leathery  than  true  cork. 
When  it  is  several  layers  in  thickness,  thick  and  thin- 
walled  layers  often  alternate  {Fig.  67),  causing  frequently  a 
peeling  off,  as  in  the  birch  and  cherry ;  in  the  beech  and 
silver  fir,  on  the  contrary,  the  periderm  does  not  peel  off. 

Cork  is  the  true  healing- tissue  of  pinnis,  and  as  such  is  of  great 
importance.  In  ihe  fresh  surfaces  of  wounds,  the  uppermost  layeis  of 
'Cells  as  B  rule  dry  up,  while  in  the  tissue  beaealli  them,  still  fiiU  of  sap, 
new  cells  are  formed  which  ore  the  origin  of  the  cork.  A  very  good 
example  of  the  importance  of  this  production  of  cork  is  aRbrded  by  the 
■cochineal -cactus.  This  plant  is  multiplied  by  cuttings,  which  would 
■decay  at  Once  if  ihey  were  Bet  in  the  ground  with  the  surfaces  of  the 
moimd  fresh.  The  shoots  which  are  intended  as  cuttings  are  therefore 
<t  laid  for  ^Iwut  four  weeks  in  a  dry  place  cxpo&ed  to  Ihe  n 


-.noiverK^u™  u,™Mgh  the  ino=™oMl?y=rof  the  lark  Df  the  oak :  . 

idora  consiMing  of  ihick-walltd  cells  filltdw^h  >  homoeeneou*  red  mass  :  /jt  paren- 

inuaiucelll  wiih  BtHcTi-grains :  J( '  parodchymalou!  cells  ■««limQdEnM:>«iVA.WJ^ 

jBrf  iHii-i-cHs/i ;  */■  a  lafse  parenchymatous  celi  cin\ainmg  a  crs«ai .  «|^ 
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order  that  a  cork-tissue  may  be  formed,  which  doses  ihe  wound  a 
prevents  the  decay  of  the  cutting. 

Larger  wounds,  as,  for  instance,  when  branches  are  cut  off,  are  often 
closed  by  the  formatioQ  of  elevated  cushion-shaped  masses  of  cells,  i 
consisting  entirely  of  cork- tissue,  which  are  fresh  formed  over  the  whole 
anrfece  of  the  wound.     Such  a  tissue  is  called  an  overgrowth,  and  is 
*«n  especially  in  the  beebhr  silver  fir,  and  lime  (Fig.  68).    Of  asimilar 


I 


nature  is  the  callas,  to  which  we  shall  recur  when  speaking  of  repro- 
duction by  means  of  cuttings. 

Sinalier  developments  of  cork  at  particular  points  of  the 
sin-face,  which  assume  characteristic  forms  according  to  the 
species,  are  leimed  let/ iicc/s.  They  appear  in  young  branches 
before  the  formation  of  periderm,  and  occur  in  the  birch. 
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The  special  characteristic  of  cell-fusions  consists  iu  the 
cells  of  which  tliey  are  composed  uniting  completely  by 
coalescence  into  a  uniform  whole  of  a  higher  type.  Unions 
of  this  kind  are  usually  accompanied  by  the  transformation 
and  absorption  of  at  least  a  portion  of  the  surfaces  of  con- 
tact Fusions  of  a  less  complete  kind  have  already  been 
described  in  the  coalescence  of  the  contiguous  cells  of '  tela 
conlexta  ; '  unions  of  a  more  perfect  description  occur  in 
conjugarion  and  the  formation  of  vessels. 

The  process  of  conjugalion,  to  which  reference  has 
already  been  made,  begins  with  the  lateral  coalescence  of 
two  contiguous  cells,  and  the  formation  of  an  opening  at  the 
point  of  contact ;  finally  the  contents  of  the  two  cells 
coalesce  in  the  ]jroduction  of  a  zygosperm  (Fig.  54,  p.  32). 
This  process  has  hitherto  been  observed  only  among  Fungi 
and  AlgK,  and  especially  in  the  family  of  Conjugate  be- 
longing to  the  latter. 

Vessels  arise  from  the  coalescence  of  several  cells,  which 
are  then  termed  vascular  cells  •  the  division- walls  partially 
disappearing  while  the  union  continues  at  the  margin. 
Vessels  are  divided,  according  to  their  form  and  contents, 
into  vessels  in  the  true  sense  of  the  word,  bast-tubes  or 
bast-tibres,  sieve-tubes  or  bast-vessels,  utricular  vessels,  and 
laticiferous  vessels. 

If  a  number  of  spiral  cells  are  imagined  placed  one  over 
another  and  coalescing  from  the  more  or  less  complete  ab- 
sorption of  the  partition -walls,  a  spiral  vessel  is  produced. 
Vessels  are  formed  in  a  precisely  similar  manner,  from  several 
of  the  kinds  of  cells  previously  described  ;  and  we  thus  get 
annular  vessels,  reliculate  vessels  (Fig.  35,  p.  20),  scalariform 
vessels  (Fig.  69),  andpiHed  or  dotted  vessels  (Fig,  70).  [An 
elongated  dotted  or  pitted  vessel  is  known  as  a  duet  (Fig.  35).] 

The  individual  vasculitr  cells  sometimes  stacd  vertically  one  over  an- 
other, and  coalesce  by  their  horizontal  isjLts  ;  somelimEs  they  are  in  con- 
tact laterally,  and  with  feces  that  stand  obliquely.     The  parli  lion -walla 
4o  not  always  entirely  disappear;  but  often,  espedaW^  ■«\\tQ  \X\e.-j  Aay-i. 
~~l(jue/>-,  ponions  leimun  which  are  mote  sUonglv  VtivtVeneft  a-ti^  "j^  »- 
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redculate  or  scalariform  character  {Fig.  69,  1 1)-  True  vessels  ni 
become  ligQilied,  but  nre  never  branched,  or  at  i' 
rarely.  In  the  mature  state  they  contain  nothing  but  nir ;  but 
occasionally  in  the  spring  a  portion  of  the  sap  sucked  up  by  the  roots  is 
pressed  into  the^  air-containing  vessels,  a  pmcess  on  which  depuids, 
for  eiample,  the  'weeping'  of  wounded  grape-vines.  In  many  Vascular 
Ciyplogams,  Gymnosperms,  and  Monocotyledons,  35  well  as  in  a  few 
Dicotyledons,  rows  of  vascular  cells  are  found  m  places  where,  &om 
the  analogy  of  olhcr  plants,  one  would  expect  to  lind  vessels,  the 
partition-walls  not  having  become  absorbed.  Such  structures  compose 
what  is  called  a  condueliag  limit  \  and  the  separate  cells  are  not  called 
vascular  but  coiulMling  cells. 

Basi'tubes  or  bast-fibres  are  long  pointed  vessels— not 
cells,  because  their  elements  have  completely  coalesced — 
usually  thick-walled,  rarely  branched.  They  are  not  often 
in  direct  communication  with  one  another,  and  then  always 
only  by  lateral  branches.  They  are  commonly  united  into 
bundles,  and  as  such  form  an  essential  part  of  many  fibro- 
vascular  bundles  (see  Chap.  VI.). 

While  in  vessels  the  separate  vascular  cells  of  which  they  are  com- 
posed can  still  be  made  out  with  tolerable  ease,  this  is  by  no  means  the 
case  in  bast-tubes  ;  on  which  accouot  opinion  was  long  divided  among 
botanists,  whether  bast-tubes — the  development  of  which  is  generally 
extremely  difficult  to  observe— are  formed  by  the  coalescence  of  cells, 
or  by  a  single  cell  increasing  from  20  to  50  times  its  original  length.  The 
simple  consideralion,  however,  that  if  the  growth  of  bast -tabes  were 
of  the  latter  nature,  it  must  be  accompanied  by  an  increase  in  thickness 
of  the  entire  bundle  of  which  it  formed  a  part,  which  is  not  actually  the 
case,  shows  that  they  can  arise  only  by  the  coalescence  of  cells. 

A  close  relationship  subsists  between  sieve- tubes, 
utricular  vessels,  and  laticiferous  vessels,  partly  on  account 
of  their  form,  partly  of  their  contents  ;  all  appearing  to 
have  for  their  function  the  storing  up  of  nulrient  fluids, 
and  the  conducting  of  them  to  the  parts  of  the  plant  where 
they  are  required. 

Siei't-tubes  or  bast-vessels  result  from  the  coalescence  of 
cells  standing  one  over  another,  the  partition -walls  of  which, 
orsan^^s£f,  have  become  perforated  in  the  manner  of  a  sieve ; 
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fffd   some  have  also  bieve-like  perforations  through  theirB 
ide-walls  (Figs.  71-74).     Of  similar  construction  i 
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ally  per- 


tu(d  cdls,  the  parti  I  ion -walls  of  which  are  not  actually  per- 
forated, hut  only  thickened  in  a  sieve-like  manner.  Both 
contain  as  a  nile  a  tiirbid  granular  sap,  are  mostly  associated 


Fig.  n.~  Utnculai-  vmm!  with  raph-  F  c     ;6 

idea  (>■).  Biid  comiguous  cells  a  and  Euphorh 

i.  ttasa  Iho  ucm  rfa  Ttaddscanlia.  h ■-  - 

(=<  JW-)  i 

in  bundles,  and  take  part  in  the  formation  of  the  fibre- 
vascular  bundle  as  soft  bast 

Utriailar  vessels  (Y\g.  75)  are  distinguished  from  sieve- 
tubes  by  their  contents  and  situation.  The  contents  are 
clear  or  milky,  but  always  include  bundles  of  aclcuJar  crystals 
fraphides).      Thar  ceils,  which  are  modeiaVtV-j  \.'ci\vi-'N:a';'i, 
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(Fig.  75),  but  otherwise  of  very  various  structure,  are  in 
contact  by  their  ends,  whiicli  are  either  broad  or  narrow,  and 
often  form  great  systems  of  tubes,  which  are  never  associated 
into  bundles,  but  run  separately  and  usually  in  a  parallel 
direction.  They  occur  only  in  the  outer  cortex  and  in  the 
foliar  organs  in  most  Monocotyledons  and  in  some  Dicoty- 
ledons. 

Laluifermis  vessels  are  simple  or  branched  tubes,  fre- 
quently anastomosing,  or  united  into  a  more  or  less  close 


peculiar  to  the  plant,  which  is  often  coloured  and  frequently 
of  a  milky  appearance,  and  is  called  latex.  They  occur  in 
only  a  comparatively  small  number  of  plants,  usually  in 
the  cortex  betn'een  the  bast-bundles  and  the  wood,  but 
sometimes  also  in  die  outer  cortex,  the  pith,  and  the  wood. 
They  accompany  the  fibrovascular  bundles  into  the  leaves. 
Nearly  related  to  them  are  the  latUiferoits  cells,  long 
branched  simple  cells,  such  as  occur  in  the  Euphorbiaceas, 
Moracea:,  AsdepiadeiE,  Aeonitum,  &c.  The  \a\,ex.cii&Seie.Tft. 
1  great  variety  of  suVistanees  •-  ^\'vt\,  \ei\ft^ 


rjatnte  coDlains 
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ilbumen,  opium  (in  Papaver  somniferuni),  caoutchouc 
Siphonia  elasfica,  Isonandra  gulta,  and  species  oiFicus),  bone- 
shaped  grains  of  starch  (in  tropical  species  oi  Eupkorbia),  &c 
The  laticiferous  are  often  distinguished  from  the  utricular 
vesseb  only  by  the  absence  of  raphJdes.  Transitional  forms 
between  sieve-tubes  and  laticiferous  vessels  occur  apparently 
in  the  elder  and  in  Aceracese.  It  has  not  yet  been  certainly 
determined  whether  the  latex  is  a  product  of  excretion  or  a 
reserve  material. 

Closely  connected  with  the  laticiferous  vessels  are 
certain  groups  of  celts,  to  which  belong  the  formation  and 
secretion  of  particular  substances,  and  which  have  been  in- 
cluded under  the  term  the  Secretory  Sys/e/n.  In  examining 
them,  the  chief  point  to  notice  is  whether  the  cells  them- 
selves contain  the  secretion  formed  in  lliera,  or  whether  it 
has  been  transferred  into  the  nearest  intercellular  spaces. 
It  is  not  always  possible,  however,  to  drawa  sharp  line  of 
demarcation  between  these  two  conditions,  which  may  both 
occur  together. 

Single  cells  of  this  nature,  or  smaller  groups  of  cells,  are 
called  glands,  while  the  larger  sap-receptacles  which  extend 
to  a  greater  length  through  the  parenchyma  are  termed  pas- 
sages. These  latter  do  not  always  possess  a  true  cell-wall, 
not  being  produced  by  a  deliquescence  of  cell-walls,  but  by 
masses  of  tissue  becoming  separated  from  one  another,  and 
thus  forming  a  cavity  between  their  cells  ;  and  are  therefore 
true  intercellular  spaces.  [They  are  then  termed  schisogenous 
(Figs.  78,  79).  Glands  are  lysigenous  when  resulting  from 
the  absorption  of  a  mass  of  tissue.  Glands  are  also  some- 
times external  organs,  when  they  usually  assume  the  fonn  of 
glandular  hairs  containing  often  a  fragrant  essential  oil,  as 
in  many  Labiatse.  They  may  then  be  either  simple  or  com- 
pound (see  Fig.  92,  p.  63). 

According  to  the  nature  of  the  substance  secreted,  these 
spaces  are  distinguished  into  oil-passages,  as  in  Umbelliferse 
and  Cowpositus ;  resin-passagcs,  as  in  ConiiMas  '^"■i^^-  l*,n<j\ ', 
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gum-passages,  as  in  Cactaces,  Cycadese,  Amygdalea;,  &c. ; . 
glands^\ax\i^\essz%QlHyPfricumperforatum,%^&t\fS,CiiCitr 
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.&-C.;  camphor-glands;  and  tvstit-glands  (Fig.  80).     The  term 
^^upey-giasds  or  tt^aries,  final!)',  is  given  to  SK^^  ^iS.  qI  '4: 
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flower  or  other  organ,  whatever  its  structure,  which  'iS 
fonned  for  the  secretion  of  honey  or  a  saccharine  fluid  (Figs. 
265,  p,  136;  266,  p.  137}. 


L 


while  lii«  thiok-wa] led  compressed Exrdc^  cells  p  still  conULui  an 
slarqh.  (x  too.) 

All  these  sepuatiom  of  masses  of  tissue  are  essentially  difTerent 
fram  the  transformatioiis  of  the  cell-wall  previously  described  ;  although, 
il  happens  often  enough  with 
processes  of  secretion  ihat  cell- 
waJIs  are  ruptured  by  the  pres- 
sure of  the  substances  stored 
up  in  them,  and  are  carried 
away  along  with  the  waste 
products  (see  p.  13). 

In     this     connection 
should  be  mentioned  also 
structures    which 
are  possibly  of  consider- 
able importance  for  the 
hfe  of  the  plant,  but  which 
have  as  jfet  been  but  little  studied,  the  overgrowths  of  wax 
on  the  surface.     These  occur  espedaWv  as  a.  ie\\«!.\.(i\>\wsm.. 
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ZA  for  example  on  the  plum,  and  are  sometimes  dense  agglo- 
raeratioDS  of  rods  or  needles,  as  on  the  leaf  of  the  rye,  some- 
times simple  coatings  of  granules,  as  on  the  '  frosted '  leaves 
of  many  lilies  ;  sometimes  as  coatings  of  rods  which  stand 
vertically  on  the  surface  of  the  cuticle,  as  on  the  leaves  of 
the  banana;  or  finally  as  incrustations,  as  In  Optmtia. 


CHAPTER   III. 

i  CONSTRUCTION   OF  THE  PLANT   OUT  OF  CELLS. 


plants  consist  entirely  of  cells  and  of  the  products  of 
the  formation  and  transformation  of  cells,  which  are  hence 
called  the  ekniintary  n   of    he  plant. 

Only  a  few  plants,  belong  ng  o  he  class 
of  AlgK  (Fig.  8i)  and  Funf,  are  unicel- 
lular ;  by  far  the  larg  nu  nb  on  ist  of 
many,  and  most  of  an  nn  m  bl  n  mber 
of  cells,  which  take  p  m  the  n  truc- 
tion  of  the  plant.  In  h  n  pi  nulti- 
cellular  plants  the  c  11  a  e  air  nged  in 
iilaments,  i.e.,  in  simpl  ow  one  above 
another,  as  in  the  filamentous  Algje  and 
many  Fungi  (see  Fig.  i,  p.  7),  Those  are 
more  highly  organised  which  consist  of  p'^Ji'j! 
plates  of  cells  arranged  in  a  single  layer,  as 
occurs  also  in  certain  Algs,  e.g.  the  Ulvacea;  (Fig,  8z).  But 
by  far  the  most  common  structure  is  for  the  plant  to  he 
composed  of  masses  of  cells  radiating  from  one  another  in 
all  directions.  The  course  of  development  of  this  mass  of 
■cells  exhibits  the  following  variations  in  the  different  sections 
of  the  vegetable  kingdom. 

In  the  higher  flowerless  plants  the  mother-cell  of  an 
embryo  or  shoot  breaks  up  into  several  cells  of  unequal 
Talue.     The  cell  which  remains  at  the  apex,  01  ojical  wU, 


^ 
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grows  to  be  like  its  parent  in  every  respect  and  the  S 
process  of  division  is  then  repeated  in  it  1  he  building  up 
of  the  mass  of  cells  of  which  the  plant  consists  results  from 
the  division  in  all  directions  of  the  remaining  daughter  cells 
(Fig.  83  I.)- 

In  flowering  plants  (Fig.  83  11 )  the  mode  of  develop 
ment  is  different.  The  growing  end  or  ape\.  of  an  organ, 
such  as  a  root  or  stem,  is  here  composed  of  a  mass  of 


equivalent  cells — known  as  the  pundum  vegetationh  or 
growing  point— ^\  capable  of  division,  rich  in  protoplasm, 
thin-walled,  and  without  intercellular  spaces.  From  this 
primary  meristcm  are  developed  the  various  kinds  of  tissue, 
which  may  be  classed  under  three  heads,  the  Fundamental 
Tissue  or  ground-tissue,  the  Fibrovascular  Systtm,  and  the 
Epidermal  Tissue. 

The  order  of  succession  in  the  formation  of  the  various 
groups  of  cells  is  as  follows  : — The  first  independent  tissue 
formed  is  the  primary  epidermal  tissue  or  dtrmatogm.  The 
layers  of  cells  lying  immediately  beneath  then  begin  to  de- 
velops in  a  peculiar  manner  as  cortical  tissue  or  pcriblepi,  the 
arenchymatom  or  primary  cortex  beitvg  iormed  Itcrni  ^.Vtegu 
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This  tissue  finally  encloses  the  plerome  or  iiiterniediaie  tissue, 
situated  not  veiy  deep  down  and  laterally  from  the  apex, 
which  breaks  up  into  the  procambium  and  the  fundixmctitar 
tissue.  The  procambium  is  formed  in  many  plants  from  the 
entire  outer  zone  of  the  plerome,  while  in  others  it  consists 
of  only  a  few  groups  of 
its  cells  :  from  the  fun- 
dameiiial  tissue  it  is 
further  distinguished  by 
the  arrangement  and  the 
form  of  its  cells,  which 
are  prosenchymatous, 
while  tliose  of  the  funda- 
mental tissue  remain 
parenchymatous. 

Tlie  contrast  between 
the  epidermal  tissue  and' 


Efie  subjacent  masses  of  tissue  is  the  more  evident  the  greatei 
the  exposure  of  the  part  of  the  plant  to  air  and  light,  and  is  also 
usually  more  conspicuous  in  the  permanent  parts  than  in  those 
which  are  more  fugitive.  In  the  lowest  plants,  Algas,  Fungi, 
and  Lichens,  and  even  in  the  stem  ofHepaticje,  the  epidermal 
structure  consists  only  in  the  outer  layers  of  ce'ls  having 
lucker  and  finner  ce/i-waJls  and  smaller  cav'«.\es  feiTi. 


I 


5S  Structural  and  Physiological  Botany. 

rest.  In  some  Mosses  and  in  all  the  more  highly  organised 
plants  at  least  one  layer  of  cells  specially  defined  and  de- 
veloped, the  epidermis,  exercises  special  functions.  In  true 
roots,  and  in  many  root-like  nnderground  stems,  as  well  as 
in  many  plants  which  grow  submerged  in  water,  it  is  less 
differentiated  from  the  subjacent  tissue  than  is  the  case  in 
most  stems  and  in  leaves. 

The  outer  side  of  the  Qutemiost  layer  of  epidermal  cells  in  gradually 
transformed  into  llie  so-called  cuticle  (see  Fig.  21,  p.  16),  a  thin 
structureless  membranE,  but  little  sensitive  to  external  and  even  to 
chemical  agencies,  msalnble,  for  example,  in  concentrated  sulphuric 
ncid  or  in  potash.  The  cells  of  the  epidermis  usually  contain  dear  or 
■coloureii  fluids,  occasionally  crystals,  rarely  chlorophyll.  Their  form  is 
very  various,  but  nsually  tabular  or  conical,  or  sometimes  even 
papilheform,  I'.r.  projecting  on  the  outside  in  the  form  of  knobs  or 
bladders.  The  peculiar  appearance  of  many  structures,  such  as  the 
velvety  gloss  of  petals,  is  due  to  papillae  of  this  nature  (Fig,  84).  In 
many  eases  there  lie  beneath  the  epidermis  peculiar  layers  or  litrings  of 
celU  (the  hypodermi^  which  are  perhaps  hest  included  in  the  epidermal 
tissue.  They  consist  either  of  thick-walled  prosenchymatous  bundles 
which  contribute  to  the  greater  firmness  and  elasticity  of  the  epidermis, 
ss  in  the  aerial  portion  of  the  stem  of  Eqniseta,  and  the  acicular  leaves 
oi  J^nus  pinaster,  or  of  collenchymatous  tissue  which  lends  to  increase 
the  difierence  of  tension  between  the  epidermal  and  the  subjacent 
tissues  (see  Chap.  V.).  In  plants  with  a  long  term  of  life,  and  which 
increase  greatly  in  girth,  cork  is  subsequently  formed  in  the  epidermal 
■cells  themselves  or  the  subjacent  layers  of  tissue,  replieing  the  true 
>epidermis,  which  has  generally  in  the  meantime  perished. 

The  true  epidermis  consists,  when  young,  of  similar  cells 
which  are  everywhere  closely  contiguous.     In  the  course  of 
I  growth  some  of  these  separate  from  one  another,  the  deri- 
vative cells  that  result  from  one  or  more  divisions  leaving  a 
crevice  or  pore  between  them  which  is  called  a  stoma  (Fig. 
S5).    These  are  always'  enclosed  by  two  or  four  cells,  the 
■  piard-cfiis,  which  are  crescent- shaped,  and  also  smaller  and 
I  with  thinner  walls  than  the  rest  of  the  cells  of  the  epi- 
;plions,  however,  occur  in  the  case  of  the  Marchantieic  and 
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*         dermis,    and  are  in  addition  distinguished  from  them  by 
containing  chlorophyll.     This  last  circumstance  gave  rise  to 

I  the  eariier  view  that  these  cells  belong  to  the   subjacent 
parenchyma  of  the    leaf    rather    than    to   the    epidennis 


slor 


'  The  Construction  of  the  Plant  out  of  Cells.       6i 

nection  between  the  atmosphere  and  the  intercellular  spaces 
in  the  interior  filled  with  air.  The  interchange  of  gases 
which  is  thus  brought  about  is  regulated  by  the  guard-cells 
being  sometimes  more  and  sometimes  less  close  together,  so 
that  the  pore  may  be  occasionally  closed.  The  perfect 
stoma  may  be  regarded  as  consisting  of  tfiree  parts— the 
ilerior  or  eisodial,  the  posterior  or  opisihodial  opening,  and 

actual  fissure  which  connects  these  two. 

Stomata  are  found  in  all  the  higher  plants,  from  the 
Hepalicie  upwards.  They  usually  occur  in  the  green  parts, 
more  rarely  in  the  coloured  petals  (as  in  the  hyacinth, 
crown  imperial,  &c.),  [in  the  coloured  bract  or  spathe  of 
Richardia\,  and  in  fruits  and  seeds  (as  the  tulip).  They  are 
wanting  in  those  leaves  which  grow  submerged  in  water ;  and 
in  floating  leaves  occur  only  on  the  upfjer  surface,  In  most 
Monocotyledons  both  surfaces  of  the  leaf  are  provided  with 
stomata,  while  in  Dicotyledons  they  are  generally  almost  or 
altogether  absent  from  the  upper  surface.  No  general  rule 
can  be  given  for  their  number  nor  for  their  arrangement, 
which  possesses  a>definite  cliaracter  only  in  a  few  groups  of 
plants,  as  e^.  the  Equisetaceie  ;  in  ConiferE  and  Grasses  the 
airangement  is  invariably  linear ;  in  the  Begonias  they  are 
arranged  in  groups,  &c  By  far  the  most  common  size  of 
the  stomata  ranges  between  o'oooa  and  o'oooS  mm.  ;  but 
it  may  vary,  as  far  as  observations  have  yet  been  made, 
between  0-00459  ('"  Amaryllis  formosissinia),  and  o'oooii 
^in  Amarant/ius  caudatus).  Stomata  are  entirely  absent  from 
all  true  roots. 

Hair-like  bodies  or  trtchomes  are  unquestionably  epider- 
mal structures,  and  may  be  found  even  on  the  youngest  parts 
of  the  stem,  leaves,  and  roots.  Under  this  category  are  in- 
cluded hairs,  bristles,  stinging  hairs,  prickles,  scales,  glands, 
glandular  hairs,  and  the  '  paleK '  of  Ferns.  Hairs  arise  by  an 
elongation  of  particular  epidermal  cells  (Figs.  87,  89);  and  if 
attached  to  a  root  are  called  root-hairs.  They  are  either  simijle 

branched,  and  consist  of  one  01  sevetaX  t^?..     Brufl-w 
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result  from  the  walls  of  hairs  becoming  iJiickcr  and  woody, 
Le.  by  the  deposition  of  Jignin.  Hairs  are  not  often  found 
in  the  interior  of  plants,  but  occur  in  the  air-passages  of 
Nymphicaceae.  Stinging-liairs  are  sucli  as  secrete  an  acrid 
irritating  fluid  which  escapes  when  they  are  injured;  they 
often  stand,  as  in  the  stinging- nettle,  on  a  cushion-like 
base  {Fig.  88).  Prickles  {Fig.  90)  consist  of  a  great  number 
of  thick-walled  woody  cells.     Scales  [01  Jxllale  limrs\  exhibit 
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i^eat  complication  of  structure,  consisting  of  an  elongated 
epidermal  cell,  the  pedicel-cell,  which  bears  at  its  apex  a 
number  of  cells  expanded  into  the  form  of  a  shield  {Fig.  91). 
Glands  consistof  a  number  of  cells  puffed  out  like  bladders, 
in  which  special  fluids  of  various  kinds  are  secreted.  Thus, 
for  example,  the  leaf-buds  are  ofien  rendered  viscid  by  a 
gummy  substance,  or  one  composed  of  a  mixture  of  muci- 
lage and  drops  of  balsam,  the  first  resulting  generally  from 
the  conversion  into  mucilage  of  an  epidermal  layer  lying 
beneath  the  cuticle,  as  in  the  violet,  horse-chestnut,  and 
plum.     (See  Vig.  So,  p.  54.I     If  glands  ate  e\citts?.vti. 
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the  form  of  a  hair,  or  borne  on  the  apes  of  pedicel-ceils,  they 
-are  caWeA glandular  hairs  (Fig.  92). 

The^rlmary  coriex  which  developes  out  of  the  periblem 
consists  commonly  of  thin-walled  succulent  parenchyma 
■containing  starch  or  chlorophyll ;  other  forms  of  cells,  how- 
ever, as  laticiferous  and  utricular  vessels  and  glands,  as  well  as 
intercellular  passages  containing  sap,  may  also  occur  in  JL 
In  some  plants  masses  of  cork  are  found  deeply  buried  in  ihe 
cortical  tissue,  or  even  beneath  it,  the  outer  parts  then  dying, 
-and  falling  off  in  the  form  of  bark,  as  occurs  in  the  grape- 
vine and  plane  (see  Figs,  66,  67,  pp.  44,  45}. 

Every  mass  ai  procamUum  consists,  in  its  earliest  stage, 
<)f  similar  thin-walled  usually  prosenchymatous  ceUs,  united 
together  without  any  intercellular  spaces.  As  the  mass  in- 
creases in  age,  some  of  the  rows  of  cells  become  transformed 
into  vascular  or  bast-cells,  and  from  these  as  centres  the 
transformation  advances  of  the  procambium-cells  into  per- 
manent cells.  Groups  are  thus  formed  of  particular  kinds 
of  cells  which,  united  into  strings  or  bundles,  penetrate  the 
Test  of  the  tissue,  and  as  a  rule  constitute  a  firm  framework, 
and  form  the  Jibrovasndar  bundles,  or  conducting  bundles. 
These  bundles  often  lie  isolated  in  the  fundamental  tissue 
of  the  plant,  as  for  instance  in  the  veins  of  the  leaves  ;  but 
they  are  generally  so  crowded  and  so  strongly  developed  by  the 
continualformalionofthe  tissue  of  which  they  are  composed, 
that  they  finally  almost  entirely  replace  the  intermediate 
fundamental  tissue,  and  form  almost  the  whole  of  the  sub- 
stance of  the  plant,  as  is  the  case  in  the  wood  of  Dicotyle- 
dons and  Conifers.  The  transformation  of  the  procambial 
cells  into  permanent  cells  either  continues  until  they  are  all 
so  changed,  or  an  inner  layer  of  the  procambium  remains  as 
the  formative  cambium.  As  they  become  older,  therefore, 
the  fibroi-ascular  bundles  either  contain  cambium  or  are 
destitute  of  it ;  the  former  being  called  open,  the  latter 
(/wff/ bundles.  In  the  open  bundles  the  cambium  is  con- 
tinually  forimng  new  layers  of  permanent  ceWs,  ai\ii  thft 
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of  the  stem  or  root  is  thus  constantly  increasing  in  thickness, 
as  is  the  case  in  most  woody  Dicotyledons  and  Conifers, 
Closed  bundles,  on  the  contrary,  such  as  are  found  in  Cryp- 


togams,  Monocotyledons,  and  a  few  Dicotyledons,  can  no 
longer  increase  in  thickness.  The  various  forms  qI  "a^^ia 
e  fi&rorascular  bundle  may  be  dvvv4e.i.  '■nA^a '"»'; 
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groups,  a  woody  portion  ox  xyUm^sjiA  a  less  solid  portion,  the 
bast  nx phloem  {Fig.  93).  The  xylem  is  composed  of  paren- 
chymatous cells,  wood-fibres,  vascular  cells,  and  true  vessels, 
ihe  walls  of  these  various  elements  being  generally 
thickened  and  lignified.  The  pliloem,  on  the  other  hand, 
.  of  succulent  and  mostly  thin-walled  masses  of 
parenchyma  and  sieve-tubes,  in  addition  to  which  are 
usually  bast- fibres  massively  developed  and  strongly 
thickened.  Any  of  these  elements  of  the  xylem  and  phloem 
may,  however,  be  wanting.  The  most  common  arrangement 
is  for  the  xylem  and  phloem  in  each  bundle  to  lie  side  by  side, 
the  former  lying  towards  the  centre,  the  latter  towards  the  cir- 


cumference of  the  stem ;  such  bundles  are  termed  eollateral. 
But  in  Ferns  and  some  other  cases  ihe.  ^Wofem  completely  | 
encloses  the  xylem,  and  the  bundles  a.ie  caftei  conMiiiric. 


^^V       TIte  Conslntction  of  the  Plant  out  of  Celts. 

Narrow  Ihin-walled  elongated  succulent  cells,  often  found  ir 
neclioD  wtLh  ihe  sieve-lubes,  bul  whose  nature  is  not  yet  fully  uniler- 
slDod,  have  been  termed  cambiform  liime  or  peimaoent  camljiuni. 
Cninliiform  tissue,  latticed  cell?,  and  sieve-lubes  form,  li^ther  with 
thin-walled  parenchyma,  the  sofl  I'osl,  in  contrast  to  the  true  bast, 
which  is  prosencbymatous.  In  many  plants  a  ring  of  cells,  often  with 
stroi^ly- thickened  and  ligoiiied  walls,  the  vasmtar  bumlU-sluatli,  is 
developed  either  unly  on  the  ontside  of  the  bast,  or  round  the  entire 
bundle,  or  very  commonly  round  the  whole  mass  of  librovascularbnndles. 
This  is  especially  the  case  in  roots,  this  layer  of  cells  being  there  called 
the  reol-ihtatk  or  coleorhi^ji  (Fig.  94).    The  separate  cells  of  this  orfian  B 

Kis  a  inle  developed  in  a  very  characteristic  manner.  ^^^^^H 

The  further  development  of  the  Abrovascular  bundles  i^^^^| 
!  characteristic  of  the  different  classes  of  plants,  as  is  alsc^^^^^ 
the  arrangement  of  the  various  elements  in  a  transverse 
section  of  a  bundle.  Thallophytes  and  Characea;  have  no 
fibrovascular  bundles  ;  and  in  Muscinex  they  are  either  not 
developed  at  all  or  only  in  a  rudimentary  manner.  These 
plants  are  therefore  comprised  under  the  designation  Cellular 
Plants  ;  the  whole  of  the  remainder.  Vascular  Cryptogams 
and  Phanerogams,  being  termed  Vascular  Plants. 

Th^ /undo mental  tissue  very  commonly  consists  of  thin- 
walled  succulent  parenchyma  containing  starch  ;  but  other 
forms  of  cells  may  also  enter  into  its  compositioa  In  those 
plants  which  have  no  fibrovascular  bundles  the  whole  ot  the 
interior  of  the  plant  may  be  regarded  as  fundamental  tissue. 
In  other  plants  it  fills  up  the  spaces  between  the  fibrovascular 
bundles  and  within  the  epidermis.  Where  the  fibrovascular 
bundles  are  closed,  Vascular  Cryptogams  and  Endogens, 
and  cannot  therefore  increase  in  thickness,  this  tissue  is 
generally  developed  to  the  greatest  extent  (Fig.  95,  I).  In 
the  woody  portions,  i.e.  the  stem  and  root,  of  Conifers  and 
Dicotyledons,  the  fibrovascular  btjndles  of  which  are  open, 
it  occupies  a  less  considerable  portion  of  the  entire  structure. 
In  the  greater  number  of  such  stems  it  forms  a  central  pith, 
which  is  connected  with  the  bark  by  move  ot  \e,^s  W'j,^ 
^mdere}oped  portions  of  cellular  tissue,  the  ntfdullarj 
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(Fig.  95,  II.,  S').  In  by  far  the  greater  number  of  roots  the 
fibrovascular  bundles,  on  the  contrary^  form  a  cylinder  des- 
titute of  pith  and  reaching  the  centre,  so  that  the  funda- 
mental tissue  is  developed 
only  as  primary  cortex. 

[The  funilamentttl  lissHe  of  (he 

leaf,  consisting  of  cells  comnini:^ 

chlorophyll,  and  jienetrated  by  the 

fibrovascular  buDilles,  is  known  as. 

Ihe  mesophyll.     The  outermost  of 

to  the  Epidermis, 

i   oileo  greatly   elongated   id  it 

1  righi-angles  to  ibe  air- 

ire  called /i[//. 


■s  eJements,  the  ditfetent  Eotms  rf  wWs,  (Jssiica,  and  fibm- 
yascular   bandies,  are  always  arranged  m  ewh^^eies'- -  ■'^        -^-"^ 
I  characteristic  manner ;  and  from  this,  5 
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elemenls  ihemselves  thai  ore  presKnt,  it  [s  veiy  often  possible  to  recog- 
fCvx.  the  species  Trom  h  small  Tragment  at  th«  plant.     Only  \a  com' 
parniivcl)'  few  cases  are  the  plants  adnpied  at  once 
fotmicroBcopicalcxaminEtion.  When  they  are  not  " 

so  adapted,  they  must  be  dissected  into  small  trans- 
patent  pieces ;  and  the  direction  in  which  the 
section  has  been  made  moat  olio  be  nntecl.  In 
■order  to  examine,  for  example,  the  structure  of  a  I 
hranch,  prepnnLtions  must  be  mnile,  taken  from  It 
principolly  in  (he  following  three  ways  (Fiu.  96)  : 
in  the  trniirutr-K  stttien  a  i  b.1  right  angles  to  the 
luis  of  growth  tun,  the  letigiludiiial  stciion  cd  , 
thmigh  the  axis,  and  the  tangential  srctioa  ff 
parallel  to  it.     Sections  in  other  direclians,  as  the 

t  gh,  are  only  occasionally  needed.        In 

n  cases  It  is  also  requisite,  in  older  to  make 

reparation  transparent  or  decompose  it  into 
Bseparite  elements,  to  macerate  it,  especially 


it  is  desired  to  determine  the  form  and  a 
in  of  Ihe  individual  cells.     We  huve  here  no 
o  enter  into  a  detailed  account  of  the  ap- 
<n  of  the  microscope  to  botanical  investiga-   ' 
id  can  only  refer  to  the  works  of  Dippel, 
rting,  Nageli  and  Schwendener,  and  Schaclit. 


CHAPTER   IV. 


In  the  plants  of  lowest  organisation,  Algfe,  Fungi,  and 
Lichens,  the  contrast  which  is  so  manifest  in  tliose  more 
highly  developed  between  an  axis  (stem  and  root)  and  the 
lateral  organs  (leaves),  is  altogether  wanting.  With  reference 
to  this  point,  the  vegetable  kingdom  is  therefore  divided 
primarily  into  plants  without  an  axis  or  Thatlophytes,  and 
plants  with  an  axis  or  Ccrmophytes,  the  term  thallus  being 
applied  to  an  undifferentiated  foliar  structure. 

The   external   differentiation   of  the  parts  in    cormo- 
phytes  cm  \>e  very  well  seen  in  a  germ'raatitig  \iea-    "V^ 
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leathery  skin  [or  testa]  is  stripped  from  a  pea  which  has 
been  soaked  in  water,  two  large  fleshy  masses  are  seen,  the 
cotyledons,  enclosing  a  small  cylindrical  body,  the  axis  (Figs, 
97,  gS),  which  bears  two  minute  leaves  at  its  extremity ; 
the  cotyledons  and  axis  together  constituting  the  embryo. 
If  this  pea  had  been  planted  in  the  ground,  there  would 
have  been  formed  under  favourable  circumstances,  from  the 
growth  of  the  axis  of  the  embryo,  the  stem  directed  upwards 
and  the  rcc/ directed  doivnwards.  When  theseed germinates 
(Fig.  99),  a  smaller  or  larger  number  of  lateral  organs,  the 
leaves  {c  d),  develope,  but  only  on  the  ascending  portion  of 


the  axis,  not  on  the  root.  The  form  of  the  leaves  is  very 
various  according  to  their  function  in  the  life  of  the  plant ; 
certain  of  them  unite,  in  the  form  of  floral  leaves,  together 
with  the  stem,  to  produce  the  flower.  From  a  particular 
part  of  the  flower  is  developed  the  fruit,  witliin  which  are 
produced  the  seeds  destined  for  the  reproduction  of  the 
species,  Epidermal  structures  (trichomes),  finally,  clothe  the 
surface  at  different  parts. 

If  the  history  of  development  of  an  embryo,  as  thai  of 
the  pea,  is  examined  more  closely,  it  is  found  that  from  a. 
fiairorm}/ phsdc  mass  of  similar  cells  the  root  i 
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fnwards,  and  the  stem-bud  upwards.  The  stem-bud,  or 
pliimiik,  is  divided  from  the  outset  into  stem  and  leaves, 
The  leaves  therefore  do  not  grow  on  a  stem  already 
formed ;  on  the  contrary,  they  constitute  from  the  first,  to- 
geiher  with  the  stem,  a  hemispherical  body  consisting  of 


primary  parenchyma,  which  then  becomes  lobed.  It  is 
therefore  impossible  to  draw  accurate  lines  of  demarcation 
between  the  three  main  organs  of  the  pkiW,  the  roof,  sttin, 
sad/^    The  stem  is  distinguished  from  l\\e  tOQX  li-A-jXi'^ 
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bearing  leaves,  while  the  latter  does  not.  Leaves 
lateral  [or  appendicular]  organs  which  do  not  possess  any 
capacity  of  development  of  their  own,  and  which  may  there- 
fore  be  regarded  in  many  respects  as  appendages  attached 
to  the  entire  organism,  not  possessing  an  independent  life. 
It  follows  therefore  naturally  that  the  leaves  and  axis  arc 
subject  to  different  laws  of  growth :— the  axis  grows  at  its 
apex,  and  the  leaves  at  their  base  where  they  are  attached  to 
the  axis.  New  leaves  are  developed  only  at  the  extreme  end 
of  the  branch.  The  roots,  on  the  other  hand,  have  no 
power  of  forming  leaves,  because  the  outermost  cells  of 
their  grov^ng  points  die  very  early,  and  then  cover  it  in 
the  form  of  a  cap  (Fig.  100,  wA),  Beneath  this  root-tap, 
as  it  is  termed,  the  production  of  new  cells  continues ; 
while  the  cap  itself  acts  as  a  protecting  shield  to  the  root 
when  it  penetrates  into  the  hard  soil.  The  growth  in  length 
of  roots  ceases  therefore  so  near  their  apex  that  the  portion 
which  is  at  any  time  actually  increasing  in  length  is  usually 
only  a  few  millimetres  long. 

In  the  remainder  of  this  chapter  no  reference  will  tie  made  to 
flawerless  plants,  but  only  to  flowering  plants  or  Pbanert^mns,  since  the 
morphology  of  the  former  is  so  closely  connected  with  their  classification 
that  it  will  be  belter  spoken  of  under  that  head.  Much,  however,  thU 
ie  DOW  described  applies  equally  to  both  classes  [at  least  to  those 
CiyptoEams  which  are  also  conoophytes],  especially  all  that  relates  to 
the  branching  of  the  asis,  the  buds,  phyllotaxis,  the  forms  of  leaves, 
secondary  organs,  &c. 

THE   ROOT. 

The  Root  is  that  part  of  the  plant  which,  usually  growing 
downwards,  fixes  it  into  the  ground,  and  absorbs  nutri- 
ment out  of  the  soil.  It  bears  at  its  apex  a  root-cap,  and 
never  developes  leaves. 

Some  plants  have  certain  characteristic  kinds  of  roots  which  do  not 
in  all  respects  answer  the  description  given  above.  Thasclasfing  roots, 
as  those  of  the  ivy,  often  penetrate  laterally  into  trees,  rocks,  or  walls. 
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downwards,  and  the  stem-bud  upwards.  The  stem-bud,  or 
plumule,  is  divided  from  the  outset  into  stem  and  leaves. 
'l"he  leaves  thererore  do  not  grow  on  a  stem  already 
formed ;  on  the  contrary,  they  constitute  from  the  first,  to- 
gether mth  the  stem,  a  hemispherical  body  consisting  of 


primary  parenchyma,  which  then  becomes  lobed.  It  is 
therefore  impossible  to  draw  accurate  lines  of  demarcation 
between  the  ihree  main  orcans  of  the  plant,  the  root,  sttm. 
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undeveloped,  and  dies  off  shortly  after  germination,  it  is  re^ 
placed  by  a  number  of  secondary  roots  developed  from  the 


lower  extremity  of  the  stem.    In  Grasses,  for  example,  these 
roots  are  filiform,  and  are  then  called  fibnms  roots  (Fig. 


iXSfit^/uiftBdth 


05) ;  but  not  unfrequently  some  of  them  become  tubtrms 
I  [i'.A  much  swoUeD  at  intervals,  or  in  the  middle}; 
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they  are  then  called  fasciculated {¥\g^.  lofi,  107).  All  roots- 
are  more  or  less  branched,  and  are  often  clothed  with  ex- 
□■emely  delicate  root-hairs.  If  the  branches  of  the  root  run 
principally  near  the  surface  of  the  ground,  they  are  calle 
creeping  roots.  With  reference  to  their  texture,  they  may^ 
divided  into  woody  and  fleshy.'  ' 


■  The  Stem,  in  its  various  forms— to  which  a  great  varie^ 
of  names  are  given  from  its  diverse  appearance,  though  in 
essential  pomls  always  the  same  organ— is  that  part  of  the 
plant  which  is  constructed  for  the  purpose  of  bearing  the 
leaves,  flowers,  and  fniits,  ~ 

In  ordinaiy  language  the  term  is  applied  to  those  p 
of  the  plant  only  which  are  above  ground.  But  a  clos^ 
examination  shows  that  many  plants  possess  organs  which" 
must,  in  accordance  with  their  function,  be  considered  stems, 
but  which  nevertheless  remain,  during  the  whole  of  their 
existence,  below  the  surface  of  the  ground  j  and  these  are 
called  imderground  steins.      There  are  some  plants  which 

'  fAny  root  which  results  from  the  development  of  the  radicle  or 
lower  entranily  of  the  axis  of  the  embryo  is  a  normal  roof  ;  the  tenn 
advmlitiotis  root  being  applied  to  (hose  of  any  other  origin,  i.e.  from  the 
stem,  either  below  or  above  ground.  Aerial  roots  are  usually  adven- 
titious, and  their  purpose  is  generally  to  absorb  moisture  from  the 
atmosphere.  The  atrial  roots,  however,  of  the  banyan,  Ficus  iiidica,  at 
length  reach  the  ground,  assume  the  character  of  trunks,  and  give  to  a 
single  tree  the  aspect  of  a  (trove  ;  while  those  of  the  mangrove,  Rhho- 
fhora,  which  also  reach  the  ground,  are  true  normal  roots,  resulting 
liom  the  germination  of  the  seed  while  the  fruit  is  still  attached  to  the 
tree.  The  roots  of  Monocotyledons  are  usually  adventitious,  the  radicle 
rarely  being  developed,  as  are  also  those  of  Cryptogams.  The  roots  0 
parasites,  which  derive  their  nounshment  from  the  living  tissue  of  their 
hosts,  may  be  normal  as  in  the  mistletoe,  Vismm  album,  or  adventitioos 
as  in  the  dodder,  CuicHla,  where  the  original  nDrmal  root  which 
into  the  soil  dies  away,  and  the  plant  subsequently  attaches 
its  host  by  ■  hausloria. '  True  roots  do  occasionally,  but  very 
produce  leaf-buds  (see  p.  Sz).  The  function  of  the  root-haits 
4lworption  of  liquid  nutriment  from  the  soil.  — Ed.^ 


he  roots  of 
le  of  their 
Iventitioos  ■ 

ich  slriluH^^^I 
s  itself  ^^^^M 
cry  rardji^^^^^l 
is  ^^^H 
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are  apparently  stemless  or  acaiilescent,  with  radical  leaves 
only;  but  this  results  from  the.  stem  remaining  very  short 
and  undeveloped  in  proportion  to  the  root  and  leaves,  and 
being  therefore  overlooked.  Examples  occur  in  Plantago, 
the  turnip,  [primrose],  &:c.  There  is  often  a  portion  of  the 
stem  below  the  first  pair  of  leaves,  or  colyledonary  leaves, 
intermediate  between  them  and  the  root ;  this  is  then  known 
as  the  tigellum  or  caulicle. 

Those  stems  which  spring,  on  germination,  directly  from 
the  axis  of  the  embryo  [i.^.  from  its  upper  extremity  orplnmulel 
are  called  primary  stems,  and  their  ramifications  secondary 
or  lateral  stems,  or  branches-  The  position  of  the  branches 
on  the  primary  axis  determines  what  is  called  the  habit  of 
the  plant  They  are  said  to  be  vcrticillate  or  whorled  when 
several  spring  from  the  primary  stem  at  the  same  height,  as  in 
Eqiiisetum  ;  opposite  [as  in  the  elder]  when  two  opposite 
branches  are  always  found  at  the  same  height ;  decussate 
■when  each  opposite  pair  is  at  right  angles  to  those  imme- 
diately above  and  below  it,  as  in  the  lavender ;  dichotomous 
when  the  stem  repeatedly  divides  into  two  branches  of  equal 
thickness,  as  in  the  mistletoe  ;  scattered  vhea  the  arrange- 
ment of  the  branches  is  apparently  irregular.  It  sometimes 
1  happens,  especially  in  the  inflorescence  of  rushes,  that  a 
lateral  branch  completely  takes  the  place  of  a  primary  axis 
the  development  of  which  has  been  suppressed,  and  con- 
.tinues  its  growth  in  nearly  the  same  direction  ;  and  such  a 
branch,  which  therefore  consists  of  several  successive  se- 
condary axes,  is  a  sympodium.  The  pait  of  a  stem  which 
intervenes  between  two  leaves  is  an  internode,  [and  the 
part  from  which  a  leaf  springs  is  a  node\.  The  length  of 
life  of  the  stem  and  roots  may  be  onlyasingle  year,  annual; 
two  years,  biennial;  or  a  number  of  years, pere/inial. 
The  most  completely  developed  form  of  the  aerial 
(above-ground)  stem,  tJie  woody  stem  or  trunk,  is  the  cha- 
racteristic of  trees  and  shrubs.  If  the  lower  and  smaller 
part  of  the  stem  is  woody,  while  the  upper  a.nd  larger  part 
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jalis  (roduced). 


dies  off  every  year,  as  in  Salvia  officinalis,  llie  slem  \%suffr> 
ticose.     In  palms  and  some  other  trees  ihe  tnink  is  simple 
and  unbraiiched,   and  is  then  a  catidex;  when  the  stent 
remains  weak  and   does   not  '' 

become  woody,  it  is  herbaceoits, 
and  then  but  rarely,  as  in 
many  succulent  cacti,  is  per- 
ennial The  scape  is  a  leaf- 
less stem  bearing  only  flowers, 
springing  from  a  flat  base,  or 
belonging  to  a  so-called  stem- 
less  plant ;  it  may  bear  only 
a  single  flower  as  in  the  tulip, 
or  several  as  in  the  lily-of-lhe- 
valley  (Fig.  loS),  hyacinth, 
and  Plaritage.  The  mlm  is  a 
stem  the  iniemodes  of  which  p,q 
are  separated  by  thickened  ^^^^^''j 
nodes,  as  in  grasses,  and 
usually  hollow  and  unhranched  ;  the  calamus  on  the  con- 
trary, as  in  rushes,  is  pithy  and  without  thickened  nodes. 
Sometimes,  as  in  the  strawberry,  the  stem  sends  out  r«««(rf, 
i.e.  branches  which  run  along  the  ground,  put  out  adven- 
titious roots  from  their 
nodes  or  at  their  extre- 
mity, and  develope  there 
a  perfect  plant. 

If  a  stem  is  cut  through  f,c.,»)-&=- f,c.„^-s=c.  Fit:.„..-s=c 
transversely,  the  figure  of  "^^°^'""'"  ^^"""f*?''""  w  f'^ ''""^ 
the  section  is  usually  more 

or  less  round  or  cylindrical,  or  is  compressed  into  an  elliptical 
form  ;  but  it  is  often  angular,  for  instance  triangular  in 
Carex  (Fig.  109),  square  in  LabiatEc  (Fig.  110),  five-ribbed 
(Fig.  ,ii),&c 

The  form  of  the  stem  is  usually  more  or  less  cylindrical, 
^^■t  often  globose.  Itvo-edged,  as  in  se\eta.\  5^ec\t^cS  Cactus, 


s 


I 


7« 
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jme  species  of 


'filiform  as  in  flax,  or  leaf-lik' 
AxA.  Ruscus  {^\g  112)' 


^ 


In  reference  to  its  position,  the  stem  may  be  erect,  pen- 
dulous as  in  the  sunflower,  nodding  as  in  Carduus  nutans, 
decumbent,  flexnose,  creeping,  where  it  puts  out  adventitious 


[The  flat  expanded  sharp-pointed  leaf-like  branch  of  the  hulcher'a 
ait),  A'useas  acaleaiui  {Y\g.   l  U),  produced  in  the  axil  of  the  true 
I  scale-like  Jeaf,  and  bearing  the  flower  on  its  uppet  surface,  v 
'  ^i^/rv/aifA  -  Ed.  ] 
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roots  from  its  under-side,  as  in  the  money-wort,  Lysitmukia 
JVummularia,  and  periwinkle,  Vinca  miner,  floating  as 
many  water-plants,  climbing  {scandent),  as  in  the  ivy, 
Jwining,  when  it  may  twine  either  to  the  right,'  as  in  the 
hop  or  honeysuckle,  or  more  often  to  the  left,  as  in  the 
bindweed  (Figs.  113,  114). 

The  base  of  the  stem  or  underground  stem  is  distin- 
guished from  the  true  root  by  its  power  of  producing  leaves. 
These  are,  however,  often  dry  or  deciduous,  and  their  pre- 
sence can  then  only  be  recognised  by  tlie  scars  they  leave 
behind  ;  and  sometimes  they  disappear  so  early  that  even 
the  scars  can  scarcely  be  made  out.  In  such  cases  the 
earliest  stages  of  development  must  be  examined  in  order  to 
come  to  a  determination.  The  underground  stem  assumes 
peculiar  forms  in  the  rhi2ome,  tuber,  and  bulb. 

The  rhizome  {Fig,  108,  p.  77)  is  found  in  many  perennial 
plants.  It  may  be  recognised  by  the  leaf-scars,  as  also  by 
its  putting  out  a  number  of  adventitious  roots  from  its  under 
side,    and    ascending   annual  _ 

branches  (shoots)  into  the  air  ^       n"        "^  1  J 

from  its  extremity  or  from  the    ^   I  L      d   ;     \\  I 

neighbourhood    of    the    leaf-    W'^ykiS^^^SMfev       ^ 

shoots  hibernate  beneath  the  AvCS^ftlj/WltiLM^flW^ 
ground  (Fig.  115).  Rhizomes  /  I 'MrOj)  IJM17(  AT^ 
are  commonly  branched,  and  't      in    IT'S  ^I|lli)^ 

not  unfrequently  elongated,  ^^c^l^^tT^i,i^^m°°'V^l 
and  creep  for  a  distance  Tt.'T^^rJ'N^.&t 
beneath  the  surface,  as  for  b^™  ;  r.  rf.  scats  of  the  Hems  or  pn- 
example  in  coucli-grass,  Triti- 

cum  repcns  ;  but  are  sometimes  short  and  compressed,  as  in 
the  Iris,  solid,  or  sometimes  hollow  and  divided  into 
chambers,  as  in  the  water-hemlock,  Cicvta  virosa. 

The  tuber  is  a  thickened  fleshy  underground  stem,  with 

pn  applying  the  terms  tivining  '  to  iVie  ti^^t'  an& '  Ui  ftvfcVi;  'Cwi 
er  must  imagine  himself  in  (h  '    '  '   -^--.-■v 

limbing  plant  (iv/nes.— Ed.] 
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iually  very  small  leaves  which  can  be  made  out  only  in 
the  young  state  ;  but  in  some  cases,  as  the  potato,  tliere 
a  number  of  buds  concealed  in  depressions,  which  are 
called  ^«  (Figs.  ii6,  117).  Many  plants  form  only  one 
tuber,  as  the  pig-nut,  Carum  bulbocastanum  (Fig.  118), 
Others  several,  as  the  potato.     The  spherical  or  palmate 


are  considered  by 


^^L   tubers  of  some  orchids  (Figs,  i 

^^B    some  to  be  tuberous  roots,  by  others  true  tubers. 

^^p  The  btilb  is  also  fleshy,  but  is  distinguished  by  its  leaves, 

^^K      which  [in  the  form    of  scales]  surround  the  solid  base  of 

^H      the  stem  which  is  called  the  disc,  or  are  attached  to  its 

^^K     apex.      This  plate  or  disc  is  either  comparatively  large,  and 

^^fc  wAen  surrounded  by  only  a  few  \ea\es,  as  \v\  i-W  uQcas.ia 
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calledartTM  (Fig.  i2i);  ot  it  may  be  compararively  s 
in  proportion  to  the  mass  of  the  leaves,  as  ia  tlie  onion  ^ 


nyacinth]  (Fig,  ija).     Further  characters  are  derived  i 
the  character  of  the  scales ;  and  bulbs  are  hence  termed  s( 
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r  sqiiamosc,  timicated  [in  the  hyacinth  or  onion],  fibrous. 


Branches  of  the  stem  spring,  like  leaves  and  flowers,  from 
buds.  According  to  the  organs  which  result  from  their  de- 
velopment, they  are  distinguished  into  stem-buds  (J'liimulds), 
leaf -buds,  sjid  flower-lntds. 


I 


As  respects  the  position  of  the  bud,  it  is  terminal  (Fif. 
when  it  is  situated  at  the  end  of  a  branch,  axillary 
(Fig,  123  li)  when  it  grows  in  the  axil  of  a  leaf,  i.e.  in  the 
angle  which  its  upper  surface  maJtes  with  the  stem,  or 
advenlUious  when  it  springs  from  any  Otlier  part  of  a 
stem  escept  these  two.  The  latter  kind  occur  but 
rarely ;  the  tendrils  of  tlie  grape-vine  (Fig.  196,  p.  108) 
proceed  from  buds  of  this  description.  In  the  same 
nmnner  the  shoots  which  spring  from  the  creeping  roots 
of  certain    plants,  the  plum.  w\\d  c\^e^[^■,   fct.,   ori^^ite 
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from  adventitious  buds.  Thert;  are  sometimes  a  few  bmls 
which  du  not  break  through  the  bark,  but  remain  dormant 
beneatli  it,  until  the  other  buds  on  the  plant  have  been  de- 
stroyed by  unfavourable  circumstances  such  as  late  frosts, 
when  these  dormant  buds  are  excited  into  actirity,  and 
often  preserve  the  life  of  the  plant.  But  even  while  in  the 
dormant  stale  they  always  increase  in  size,  and  form,  for 
example,  the  balls  which  are  found  beneath  the  bark  of  the 
beech,  chestnut,  lime,  &c.  Creeping  stems  are  also  sometimes 
developed  from  these,  but  more  usually  from  adventitious 
buds.  It  is  this  production  of  branches  on  the  stumps  of 
felled  trees,  as  on  oaks  and  birches,  which  especially  adapts 
them  for  growth  as  imderwood.  The  bodies  termed  bulbils 
o\ gemma  should  also  be  mentioned  here.  They  are  stem-buds 
which  detach  themselves  from  the  plant,  and  can  themselves 
give  rise  to  new  individuals  exactly  like  the  parent.  They 
are  formed,  for  instance,  in  abundance  on  certain  species  of 
Allium,  on  the  leaves  of  Cardamine pratensis,  in  the  axils  of 
the  leaves  of  Lilium  bulbifenim,  between  the  scales  of  bulbs 
(Figs.  121,  121),  [and  more  frequently  with  Cijptogams,  on 
the  fronds  of  'viviparous'  krns,  as  Asf/e/iiu/n  bulbiferuoi, 
normally  on  the  thallus  of  Hepaticre,  &c] 

The  mode  of  development  of  Ibe  buila  has  a  p-eat  inflnence  on  the 
of  the  plant-  If,  for  enaniple.  the  teraiinal  bud  of  Ihe  primary 
_.  perasts  as  such,  ihc  stem  will  continue  lo  grow  for  a  long  time  ai 
■pci,  as  may  be  seen  in  the  silver  fir.  Pollarded  willows,  on  (he 
contrary,  which  have  lost  their  terminai  buds,  usuilly  form  at  tbeir 
sonunit  a  dense  ciown  of  small  branches.  Tlie  dichotomous  branching 
of  the  mistletoe  depends  on  the  terminal  bud  always  developine  into  a 
flower,  and  the  lateral  buds  into  branches. 

Buds  which  persist  through  the  winter  are  usually  pro- 
tected by  special  organs,  the  bud-scales,  which  are  either  of 
a  membranous  or  scaly  texture.  They  are  either  dry  as  in 
the  oak,  viscid  like  those  of  the  horse-chestnut,  covered 
with  hairs,  or  smooth.  In  many  cases  in  which  diey  are 
It  specially  developed,  as  in  the  li\ac,  they  aie.  tt-^Na-caiXyi 


norn 


'  «4 
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ordinary  leaves,  or  by  some  of  special  form  which  are  con- 
sidered as  sripules,  as  tn  the  alder.  The  bud-scales  usually 
fall  off  when  the  bud  begins  to  swell  in  the  spring  and  the 
enclosed  parts  to  grow  :  but  in  some  cases,  as  the  oak.  and 
beech,  ihey  continue  to  grow  for  some  time  at  the  base. 

The  stem-bud  is  a  compressed  rudiment  of  the  stem,  on 
which  account  the  peculiar  position  of  the  organs  which  are 

I  attached  to  it  can  be  especially  well  studied  in  the  bud  by 

I  making  a  transverse  section  through  it. 

The  relative  position  of  the  bud-scales,  foliage- leaves, 

f  sepals,  and  petals,  in  the  bud,  or,  as  it  is  termed,  their  as- 

I   iivation,  is  usually  imbricate,  where  the  margins  of  contiguous 
leaves  overlap  one  another,  less  often  valvate,  as  in  the 

I.  calyx  of  the  mallow  (Fig.  124),  where  they  merely  touch  one 


I  another  by  their  edges.    The  most  important  modifications 
I  of  the  imbricate  Eestivalion  are  the  enfolding  (Fig.  137)  in 
which  one  leaf  entirely  encloses  another,  the  vexillary  (Fig. 
128),  peculiar  to  the  Papilionaceas,  where  one  leaf  much 
larger  than  the  rest  encloses  the  others  ;  alternate,  as  in  the 
tulip  (Fig.   129),  where  two  rows  of  floral  leaves  alternate 
regularly  with  one  another,  and  quimuncial,  as  in  the  wood- 
sorrel,  the  calyx  of  the  rose,  the  calyx  and  corolla  of  the 
buttercup,  &c  (Fig.  130),  where  the  five  leaves  are  so  placed 
that  between  two  outer  ones  which  are  entirely  uncovered 
I  and  two  inner  ones  which  are  entirely  covered,  there  lies  a 
J  fifth  (leaf  3),  so  inserted  that  with  one  of  its  margins  it  over- 
rjftjjs  one  of  the  two  inner  lc;ives,  \\hi\c  the  oitvet  margin  is 
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coveteil  by  one  of  the  outer  leaves.  If  the  whole  bud  ap- 
pears as  if  twisted  spirally,  the  sestivation  is  said  to  be  con- 
torttd;  if,  as  in  the  poppy,  tlie  leaves  lie  in  the  bud 
irttgujarly  crumpled  up,  it  is  crumpled. 


y  vernaiiim  is  meant  the  position  occupied  by  the  se- 
parate leaves  in  the  bud.  This  isyfff/  in  the  leaves  of  Coni- 
fer£e;simply/j/i3W(Fig.  132)  in  those  of  the  cherry  and  lime; 
plicate  or  with  many  folds  in  those  of  the  beech  and  birch 

133).     In  their  length  from  the  apex  to  the  base  leaves 


are  drciiiate,  like  the  fronds  of  ferns,  where  the  apex  is 
rolled  up  towards  the  base ;  cem'olute  {Fig,  134),  where  one 
margin  is  rolled  up  towards  the  mid-rib,  as  in  Grasses  and 
hsnnnss.  The  sepals  of  Fnmaria  ate  revoluU,  ti\e  ■KiKt^^'^ 
ImingToiled  oulwards  (Fig.  135)  ;  those  ot  'iie  ssteS.  vvOisi. 


I 
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■    on  the  contrary  are  involute  (Fig.    136),  or  rolled  inwards 
wards  the  mid-rib.     Tiie  petals  of  Convolvulus  (Fig.  137) 
eccwAJr/c'i/spirally;  those  of  the  poppy  irregularly  trv/w/irf. 
With  respect  to  their  anatomical  structure,  it  may  be  re- 
marked that  buds  are  especially  distfnguished  by  the  pre- 
I  sence  of  formative  tissues. 


It  will  be  seen  from  what  has  now  been  said  ihaO 
Leaves  are  appendicular  organs  of  the  stem.  The  apex  is 
always  formed  first,  and  is  therefore  the  oldest  part  of  the 
leaf;  the  remaining  parts  being  gradually  interposed  between 
and  the  stem.  The  order  of  development  is  therefore  the 
reverse  in  the  leaf  to  what  it  is  in  the  stem,  where  the  apices 
are  the  youngest  parts. 

The  various  positions  and  functions  of  leaves  necessitate 
Iheir  classification  into  four  kinds ; — seed-leaves  or  cotyledons, 
covering-leaves,foUage'leaves,a.viA  floral  leaves.  The  first  of 
these  kinds  will  be  more  fuily  described  when  speaking  of 
the  seed  ;  the  last  when  speaking  of  the  flower. 

Covering-leaves  are  so  called  because  they  cover  or  pro- 
tect other  parts  of  the  plant.  In  this  class  are  included  the 
bud-scales  already  described  (p.  83),  and  the  brach  or 
hypsophyllary  leaves,  i.e.  those  leaves  in  the  axils  of  which 
the  flowers  are  placed.  The  bud-scales  are  mostly  brown 
bodies  but  little  developed,  which  fall  off  as  the  develop- 
ment of  the  bud  progresses,  when  they  have  fulfilled  their 
purpose.  The  bracts  are,  on  the  contrary,  as  a  rule  more 
perfectly  formed  and  green,  or  of  some  other  colour  as  in 
the  spathe  of  Calla  [or  Richardia,  or  the  brilliant  red  bracts 
of  Poinsettia,  Bougainvillea,  &c.]  Their  presence  or  absence, 
and  their  more  or  less  complete  development,  are  important  in 
determining  the  nature  of  the  inflorescence,  and  in  defining 
the  characters  of  certain  families  of  plants.  The  glutnes  (rf 
the  s/)a(/i£  of  Aroidcje,the^aiet£  QlCom^'sA«,M;d 
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I  involucre  of  UmbelliferK;  [and  Composite],  are  different 
ns  of  bracts. 
To  this  class  belong  also  the  scale-  or  cataphyllary  kavesy 
■irfiich  are  either  colourless,  yellowish,  reddish,  brown,  or 
rarely  green;  often  fleshy,  leatliery,  or  membranous,  and 
which  for  the  most  part  remain  buried  in  the  ground.  When 
the  true  foliage-leaves  are  strongly  developed,  the  scale- 
leaves  are  generally  inconspicuous  ;  while  in  other  plants 
they  are  conspicuous,  as  in  saprophytes  which  are  destitute 
of  chlorophyll  and  have  no  true  leaves  (Fig.  346,  p.  166). 

'Ths /oliagc-leava^oiKa  called  simply  leaves—  are  dis- 
tributed over  the  stem  in  a  great  variety  of  ways.  When 
there  is  more  than  one  on  the  same  level  they  are  opposite, 
Jffiissatf  (Fig.  138),  or  vcrti<Ulate  (Fig.  139) ;  when  there  is 
only  one  on  the  same  level,  alternate  or  scattered  (see  p.  76). 
Irregular  as  the  arrangement  appears  in  the  last  case,  a 
close  investigation  nevertheless  shows  that  these  also  arc 
distributed  on  the  stem  in  accordance  with  definite  laws.  If 
a  spiral  is  drawn  round  the  stem  connecting  the  points  of 
attachment  of  the  leaves,  and  these  are  then  marked  on 
the  spiral,  it  is  found  that  in  any  particular  species  there  is 
always  a  certain  definite  number  of  leaves  on  any  given 
number  of  circuits  made  by  the  spiral  round  the  stem.  The 
course  of  the  spiral  from  any  one  leaf  to  the  next  leaf  which 
stands  K^actly  vertically  above  or  beneath  it  is  therefore 
termed  the  leaf-cycle.  In  order  to  determine  the  law  of 
phyllofaxis  or  leaf-arrangement  in  any  particular  species,  the 
number  of  leaves  in  a  cycle  is  placed  as  the  denominator 
of  a  fraction,  and  the  number  of  circuits  round  the  stem  in- 
cluded in  the  cycle  as  the  numerator.  Thus,  for  example, 
the  leaves  of  the  pear,  oak  (Fig.  140),  poplar,  and  walnut, 
have  a  \  arrangement ;  i.e.  five  leaves  are  found  on  every 
iwo  circuits  which  make  up  the  cycle.  In  Plantago  (Fig. 
141)  the  phyllotasis  is  |.  That  the  law  of  phyliotaxis,  to 
which  llie  floral  leaves  are  also  subject,  must  have  a  great 
—influence  on  the  astivalion  is  self-evident;  t-Uw^  1.W  p^ 


c!^:aa^^J 
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cuncia]  {estivation  corresponds  to  the  ?  phyllotaxis.  The 
spiral  itself  may  either  be  a  right-handed  one,  i.e.  running 
from  the  left  below  to  the  right  above,  or  conversely  a  left- 
handed    one.    The  law  thus  indicated  is  not,   however. 


uUJary  flai 


alwMfs  easy  to  recognize  in  practice.  Of  llie  leaves  of 
Grasfc.  for  example,  one  half  follow  a  right-handed,  the 
other  lialf  a  left-handed  spiral.  The  spiral  arrangement 
is  often  obscured  by  tlie  leaves  standing  i 


"M 
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manner  on  a  braoch  which  has  remained  undeveloped,  as 
in  the  larch. 

Since  the  secondary  axes  (branches)  generally  spring 
from  axillary  buds,  it  follows  that  their  arrangement  on  the 
stem  is  dependent  on  the  phyllotaxis  of  those  leaves  in  the 
axils  of  which  they  arise,  as  is  seen  at  once  in  any  labiate 
plant  It  is  also  easily  understood  that  an  apparently  alto- 
gether irregular  arrangement  of  the  branches  on  (he  stem 
may  be  the  result  of  the  abortion  of  a  number  of  buds. 

A  leaf  of  the  most  perfect  development  may  be  divided 
into  its  sheath,  its  petiole  or  leaf-stalk,  and  its  lamina  or 
flatly  expanded  blade,  although  one  or  other  of  these  parts. 


kaost  often  wanting.    Thus  the  leaves  of  Grasses  have  a 
eath,  but  no  petiole  ;  those  of  the  app!e  and  pear  a  pejiole, 
^Eit  no  sheath  ;  in  those  of  many  Umbellifene,  such  as  ^$,t- 
lica,  all  three  parts  occur.  '' 

The  teaf-shmth  embraces  the  stem  in  the  form  of  a  hol- 
w  tube.  In  Grasses  it  is  always  spUt  m  ^lotv'i.l.^X^j,.  li.^^'. 
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ill  rushes  and  sedges,  on  the  contrary,  closed  or  antire. 
The  split  sheath  of  many  Umbellifene  is  inflated ;  while  the 
closed  sheath  of  the  knot-grass,  Polygonum,  does  not  bear 
the  leaf  at  its  upper  end,  but  on  its  back,  and  is  in  this  case 
called  an  ochrea. 

The  petiole  is  not  always  present ;  and  leaves  are  hence 
disringuishedinto/rfw/rt/tfor  stalked,  and  sessile.    It  is  often 


—Viraachi^ Acacia  aulaiuxybn,  ihowing  phylli 


connected  with  the  stem,  rarely  with  the  sheath,  by  a  pecu- 
liar more  or  less  swollen  articulation.  If  this  articulation 
is  large,  and  a  portion  of  it  remains  attached  to  the  stem 
after  the  fall  of  the  leaf,  as  in  the  spruce-fir,  the  portion  that 
thus  remains  is  called  a  fulvinus.  After  the  fall  of  the  leaf, 
the  spot  to  which  it  was  attached  is  indicated  by  a  scar  ot 
ciciirix.  The  petiole  may  be  cylindrical,  semi  cylindrical, 
chaimeied,  or  flat,  and  is  someUmes  wm^ei,  ot  "iitQvided 
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with  leaf-like  expansions  at  the  side.  Some  Australian 
species  of  ^C(7«'i7  possess  in  the  early  years  of  their  life  bipjn- 
nate  leaves  ivith  a  more  or  !ess  flatly  expanded  petiole 
(Fig.  143.  b) ',  but  subsequently  the  pir.nas  are  no  longer 
developed,  the  branching  is  also  suppressed,  and  the  simi)lc 
jietiole,  now  strongly  developed  into  a  Sat  plate  (Fig,  143, 
•i),  performs  all  the  functions  of  the  leaf.  Such  a  petiole  is 
icrraed  :^  pliyllode,  and  is  distinguished  froni  leaves  of  nor- 
mal slnicture  by  its  mode  of  development,  as  well  as  by  its 
vertical  position.' 

At  die  base  of  the  petioie  on  both  sides  are  frequentiyB 
found  flat  ieaf-like  apiiendages,  the  stipules  (Figs,  144,  145)^ 


then 


ire  sometimes  adherent  to  the  petiole,  or  adnate,  as  in 
;,  and  occasionally  even  run  dorni  a  portion  of  the 


'  [The  petiole  o^  Sarraccnia  and  Darlingtonia  Is  expanded  into  a  1 
markable  pitcher-like  organ  capable  oF  holdiag  a  considetable  amot 
<nf  flaid.  The  somewhat  similar  pitchers  of  the  '  pitcher-plant ' 
Ntfentha  (Fig.  193,  p.  106)  are  conadered  on  the  odwi  Woi  V 
**—'•■■''— u  otlhe  lamina. — Ed.] 


^^bnamn^iu 
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stem  itself  as  in  the  wood-vetch,  Vicia  septum,  when  they  are 
decurrenl,  and  give  a  winged  appearance,  either  to  the  petiole 
or  to  the  stem.  [When  not  adherent  to  the  petiole  they  are 
said  to  he  free  (Fig  154,  p.  95).]  The  stipules  are  mostly 
smaller  than  the  true  leaves,  seldom  larger,  as  in  the  pansy 
(Fig.  144).     In  Lathynu  Aphaca  (Fig.  146),  the  stipules  of 


the  upper  leaves  are  the  only  part  to  expand,  the  leaf  itself 
;  into  a  tendril.  The  stipules  of  Gleditschia  and 
'acacia,'  Jiobiriia pseudacacia  [Vig.  184,  p,  103), 
;  spinous ;  they  are  leaf-like  and  persistent  in  the  pea, 
memhranous  and  deciduous  in  the  oak  and  beech.'  Under 
the  head  of  stipules  come  the  ligules  (Figs.  142,  147),  or 
delicate  appendages  which  grow  at  the  point  of  union  of 
lamina  and  sheath  in  the  leaves  of  Grasses. 

Sessile  leaves  sometimes  partly  or  entirely  embrace  the 
stem,  and  are  then  amplexicaul,  or  semi-am plexicaul.  In  the 
former  case  the  base  is  occasionally  developed  in  a  sheatli-tike 

'  [la   pinnste  leaves,   each  of  tUe  pelioMi«>  or  Mpamle  petioles 
of  the  leaflets  is  someUnits  runiiahed  at  iw  Wsc  »'ft\\  a  wjesKiftais  >■;•.- 
P  pale  ar M^/,r. —Kv.) 


T  connate  leaves,  as  in  the  common  honeysuckle  (Fi-', 
r  a/era  J^rfo/i,Ua\  are  varieties  of  X\\e  o.vn^Ve.^-^'ixi. 
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fonn.  Ill  tilt:  former  case  tlie  two  margins  of  the  base  ot 
the  leaf  have  united  j  while  the  latter  variety  consists  of 
two  leaves  which  have  become  completely  united  at  the 
base  in  their  growth.  Not  unfreqiiently  ihe  leaf  is  united 
for  a  certain  length  with  the  stem,  when  it  is  said  to  be 
dmirreiil  [and  the  stem  to  be  wi7iged\  (Figs.  151,  152). 

The  lamina  or  blade,  the  most  essential  part  of  the  leaf, 
may  assume  almost  any  conceivable  fonn.  The  first  thing 
to  observe  is  whether  the  petiole  bears  only  a  single  lamina, 
or  several,  connected  with  it  by  secondary  petioles  QrJ>etio- 


liiles,  or  by  articulations.     In  the  first  case  the  leaf  is  said  tO' 
be  simple,  in  the  Utter  cases  compound. 

The  separate  leaflets  of  a  compound  leaf,  as  well  as  the 
single  lamina  of  a  simple  one,  may  have  the  greatest  variety 
of  external  form.  Linear  leaves  are  such  as  are  not  only 
many  times  longer  than  broad,  but  are  of  nearly  the  same 
width  from  the  base  to  near  the  apex,  as  in  neartyall  Grasses. 
If  the  leaves  are  at  the  same  lime  somewhat  rigid,  as  in  Iris, 
they  are  ensiform  ;  and  if  they  are  also  sharp-pointed  like 
those  ofmost  Conifers,  they  are  aciciilar  ax  accrosc.  Klancto- 
/ir/e  leaf  (Fig.  15J)  is  three  or  four  times  a^  \qw^3.s  broad,  and 


iwed  to  a  point  both  at  the  base  and  the  apex.  In 
'.  elliplical  OT  oiial  {Tig.  154),  and  the  o^/f/^j' leaf,  the  ends 
are  equally  rounded  off;  the  for- 
mer is  two  to  three,  the  latter  three 
to  four  times  as  long  as  broad.  The 
terms  maU  (Fig.  168,  p.  98)  [where 
the  broadest  part  is  nearer  the 
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than  the  apex],  obovaie,  [where  the  broadest  part  is  neater 
the  apex  than  the  base],  sub-rotund,  orbimlar  (Fig.  155), 
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Atripkx  paiiila  (Fig.  158),  and  rliomboida!,  are  used  in  their 
obvious  signification.  A  reniform  leaf  (Ftg.  159)  is  one 
tliat  is  broader  tbau  long,  and  has  the  apex  rounded  off, 


with  two  projecting  lobes  at  the  base  also  rounded  off. 
.Sagitiaie  (Fig.    160)   and    hastate    (Fig.    161)   leaves  are 


pointed  at  the  apex,  and  have  also  two  pointed  lobes  at  the 
base;  the  iocisioQ  bounded  by  these  UUei  \s  a.t;\ile-an^v;A 
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in  the  former,  very  obtuse-angled  in  the  latter  case.  In  the 
peltate  leaf  (Fig.  162),  the  petiole  springs  from  the  middle  of 
the  lamina  [as  in  HydrocofyU  or  Trofieoliirii]. 

In  describing  the  form  of  the  base  of  the  leaf,  i.e.  of  the 
part  of  it  which  is  attached  to  the  stem  or  petiole,  some 
of  the  same  terms  are  applicable  as  those  already  defined  ; 
as,  for  example,  cordate,  reniform,  hastate,  &o.  There  are 
some  others  also  in  use.  Thus  the  base  may  be  ameate  or 
wedge-shaped  (Fig,  163),  when  it  passes  gradually  into  the 


petiole;  and  the  spatkulale  leaf  (Fig.  165)  is  somewbatfl 
similar  [as  in  the  London  pride,  Saxifraga  umbrosa].  The 
apex  of  the  leaf  also  often  requires  special  description.  It 
is  obtuse,  acute,  acuminate  [when  the  apex  narrows  rapidly 
and  lengthens  into  a  point]  (Fig.  164),  mucronate  (Fig.  16G) 
[when  ending  abruptly  in  a  short  sharp  point,]  truncate 
[as  in  the  tulip-tree,  Liru)detidron\  emarginate  (Fig.  167) 
[when  indented  at  the  apex],  or  obeordate  (Fig.  i=|T,v-  ^'aV 
^v  ia  but  comp-iratively  few  cases  is  Vl^e  \amvEv^  crtC-a^,™ 
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without  incisions  of  any  kind.     In  the  great  majority 
are  either  smaller  notches  which  affect  only  the  margin. 


there   I 
in,  or  J 


Fro.    .67.  -  Emn^niUE 

\^ai  AmaraxtkKi.  , ,  _ „ 

VibKTTlKJH  QpiUiis. 

deeper  incisions  which  cause  the  leaf  to  assume  a  different 
form,  or  both  may  occur  on  the  same  leaf.  In  reference  to 
the  margin,  the  leaf  may  be  entire  [without  notches  of  any 


kind,  as  in  all  Grasses,  CaryophyUace<e,  Vinca,  &c] ;  dentate 
(Fig.  t68)  [when  the  teeth  are  sharp  and  point  outwards 
with  concRve  edges],  serrate  (Fig.  169^  ^wVven  iVie  teeth  are 
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sharp  and  point  forwards  towards  the  apex  like  the  teeth  of 
a  saw];  biserrate  {Vig.  lyo);  ermatt  (Fig.  159)  [when  the 
teeth  are  rounded  off  with  convex  edges] ;  or  repand  [when 
the  margin  is  wavy].  A  leaf  is  ciliaie  (Fig.  171)  [when  fHnged 
with  hairs  on  the  margin],  spt'ny  (Fig.  172)  [when  the  teeth 
are  long  and  very  sharp],  rough  or  scabrotis  when  provided 
with  small  scarcely  visible  roughnesses. 

If  the  margin  of  a  leaf  or  leaflet  is  more  deeply  cut  than 
is  indicated  by  the  terms  just  mentioned,  it  is  incised,  and 
pinnaiiseci  if  the  divisions  extend 
[very  nearly]  to  the  mid-rib  (Fig. 
174) )  palmatised  if  they  extend  [very 
nearly]  to  the  base  of  the  leaf  (Fig. 
173);  pinnaiipartiie  and  palmati- 
partile{?'\%.  183,  p.  102)  respectively 
if  the  incisions  do  not  extend  quite 


so  far;  anA pinnalifid  sx\& palmatifid y«\iN\  they  extend  about 
half-way  from  tjie  margin  to  the  raid-rib  or  base  of  the  leaf. 
If  the  divisions  of  a  palmatifid  leaf  are  five  in  number,  it  is 
d^^t  palmate l^\g.  i8r,p.  102).  Special  modifications  of  the 
pinnatifid  leaf  are  the  r««i7>We  (Fig.  175),  where  the  points  of 
the  large  central  lobes  are  reflexed  ;  lyrate{^\%,.  i-jeV'Nlvett 
r-ibstenamal  lobe  is  much  the  largest,  andftie  ofo.e.T'a  iect' 


Le»SK^^ 
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gradually  towards  the  base;  laeiniate  (Fig.  177),  where  t 
leaf  is  irregularly  cut  into  very  narrow  segments.  In  a  slit 
leaf  the  lobes  into  which  the  margin  is  divided  are  narrow 
and  pointed;  in  a /(^i^ci/ leaf  (Fig.  i79)they 
are  broader  and  rounder  (with  the  excep- 
tion often  of  the  ter- 
minal lobe),  the  inci- 
sions themselves  having 
van  acute  angle;  in  a 
^Xsinuate  leaf  {Fig.  r8o) 


still  broader  and  shallower,  the  incisions  themselves  being 
also  rounded  off.  According  to  the  number  of  the  divisions, 
the  leaf  is  trifid,  trilobed  {Vig.  179),  five-lobed,  &c.,  or  the 
latter  is  usually  called  palmatilobed. 

Compound  leaves  are  classed  under  two  principal  heads, 

the  digitate  and  the  pinnate.     In  the  former,  several  leaflets 

— 3>5i  7,  or  less  often  4 — spring  from  the  apex  of  the  common 

petiole.     The  most  common  number  is  3,  as  in  the  clover 

I  (Fig.    i83,  p.    102),  when  the  leaf  la  5a\d  to  \)t  UrtxaU  i 
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irifollolate .  When  the  petiole  divides  at  its  apex  into  two 
main  divisions,  each  of  wliich  bears  several  leaflets,  it  is 
ptdate  (Fig.  183).  The 
pinnate  leaf  has  its  leaf- 
lets arranged  on  each 
side  of  a  common  elon- 
gated petiole,  which  is 
then  called  the  rachis. 
If  the  rachis  ends  in  a 
terminal  leaflet  [so  that 
the  number  of  the  pinnae 
is  uneven]  the  leaf  is 
uneqnally  pinnate  or  im- 
paripinnale  (Fig,  184); 
if  the  number  of  leaflets 
is  an  even  number  it 
isparipinnate  or  equally 
piimate  (Fig,  185);  and 
in  this  case  the  rachis  may  run  into  a  tendril  or  a  point 
<Fig.   185),  or  may  end  abruptly.     The  leaflets  may   bejj 


each  pair  forms  a  'jugum,'  or  they  ma.-j  \)fc  ^iVtrKS-Ve  ^^t- 


.  .J9.-Tribbed  l™f  of  Ihc  1, 


I 
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Fig.  i8i.— Faimale  Iraf  o(  AccnKiilifnUum  (nalurc-iirinled). 


I 


Fia.  iSi.~-Tnri,lial!Ue  leaf  of  ihc  Fig,  i8). 
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185).     If  large  and  small  leaflets  alternate  with  one  another, 
the  leaf  is  intfrruptedly  piimaie  (Figs.  186,  187). 


ipiiiEi. 


mupicdly    fic.  187.— Intcmipiedly 

If  ihe  po-      pLnnBIe  leaf  of    A^r,- 

Bie-'in  Evfatoriit  (unth 


In  some  cases  the  division  into  leaflets  is  repeated,  and 
the  leaf  is  then  siifradecopipeund.  Thus  we  may  have  a 
UtemaSi  leaf  (Fig.  iS8),  [in  which  each  of  the  trifoliokle 
fl^ain  trifoliolate],  a  bipiniiatt  (."EKg,.  "v^a^  ^^^  « 


I 
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&  ter- to  quingue'piimate\^3.i {?\g.  189).  In  ihe bipinnate leaf, 
which  is  of  very  common  occurrence,  the  leaflets  which  are 


-TerfjnnilE  leaf  of  TialUt 


attached  to  the  common  rachis  are  termed  Ihe  ^/«»(P,  and 
the  secondary  leaflets  the  pinnu/es.' 


ipiimaie  lEar  of  ClidilKkia  IriaaailJiBt 
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AH  Che  terms  now  defined  in  reference  to  the  attachment, 
form,  incision,  and  division  of  simple  leaves  apply  equally  to 
the  leaflets  of  compound  leaves. 

The  disposition  and  course  of  the  ribs  and  veins,  or  the 
venation  of  leaves,  is  greatly  dependent  on  the  form  of  the 
leaf  (or  perhaps  the  converse  is  rather  the  case).  The  term 
principal  nerve  or  mid-rib  is  given  Co  the  one  which  is  most 
strongly  developed,  and  which  passes  through  the  centre  of 
the  leaf;  the  larger  branches  which  go  out  from  it  are  the 
lateral  ribs,  and  the  smaller 
ramifications  the  veins  (see 
Fig.  i8i,  p.  102).  Ifaleaf 
has  only  a  single  unbranch- 
ed  mid-rib,  as  in  many 
Coniferie,  the  venation  is 
said  to  be  simple.  If  the 
principal  vein,  when  it  en-  , 
ters  the  lamina  of  the  leaf, 
divides  at  once  into  several 
branches,  the  ternis  pal- 
m/tienrtf  (Fig.  t^i),  peiiati- 
«ff7/crf(Fig.  183,  p.  102),  or  ^ 
peltifienvtl  (Fig.  162,  p.  96), 

are  ^ven,  according  to  the  shape  of  the  leaf.  ^Vhen  the 
raid-rib  runs  through  the  leaf  to  its  apex,  sending  out  lateral 
branches  from  each  side,  the  leaf  is  plntiatinen^ed  (Fig.  163, 
p.  97},  When  several  nerves  enter  the  leaf' from  the  slem 
or  petiole,  they  may  be  nearly  straight  and  parallel  to  one 
another,  as  in  Grasses,  or  somewhat  curved  as  in  the  lily  of  the 
valley,  but  are  said  in  either  case  to  \>^  paralld-reineii.     Tlie 


writers.  Thej  may  be  combinHi  in  k  variely  of  ways,  as  lintar-laiiao- 
lalt,  cordal'-Bvate,  &c  The  following,  not  menlioned  in  the  lexl,  are 
clso  in  use  among  EnglUh  writer;  :  ddtoid,  with  three  nearly  equal 
nnfiles  ;  !iiinla/f,  nearly  cylindrical  and  awl-ahaped ;  npiculaU,  ending 
in  a  short  sharp  point ;  mtpidalc,  witli  a  slenderer  shai^  'poixA.  T't* 
r  *i»rrin  is  r^cv/iiU  when  turned  backwards  on  Vo  ttve  wwVet  w&i.   -"^"^^ 


T>«i         I 
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■finest  ramifications  of  veins  are  found  almost  without  excep- 
tion in  twining  plants  among  Dicotyledons.' 

The  lamina  is  as  a  rule  flat,  rarely  cylindrical  (Fig.  19a), 


(The  parallel  venalion 

jpena  or  Monocolyledom  i 

ipn'ied  generally  in   ihe   te 

'""    cclusii-ely  in  f  itogens  o 
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I W  filiform  as  in  the  submerged  leaves  aiJianuntulus  aguatilis 
il^'g'  '77i  P-  "*o)i  fistulose  as  in  Allium  carinatum,  inflaitd 
as  in  the  onion,  or  even  asddiform,  as  in  the  case  of  the 
pitchers  of  Nepenthes  (Fig.  193),  [and  a  few  other  genera, 
the  bladders  of  Utricularia  {Fig.  356,  p.  184),  &c.]  Occa- 
sionally the  lamina  \^  perforated  (Fig.  194), 

It  is  not  uncommon  to  find  on  the  same  plant  leaves  of 
different  forms  (Fig.  177,  p.  100;  Fig.  195),  when  the  plant  is. 
said  to  be  heterophyllous. 
This  is  especially  the  case 
with  many  water-plants,  in 
which  some  of  the  leaves  are 
submerged, while  others  rise 
above  the  water  or  float 
upon  it,  as  in  the  arrow- 
head, S"gitlai-ia  sagittafo- 
lia,  and  water  crowfoot,' 
Ranunculus  aguatilis.  The  V 
leaves  which  grow  from  the  i 
lower  part  of  the  stem,  or  V^ 
radical  leaves, 
quently  diflferent  in  shape 
from  the  upper  ones  [or 
catiline  leaves  attached  to^ 
the  stem]. 

With  reference  to  their 
consistency,  leaves  are  her- 
baceous \i.e.  thin  and  flaccid], 
si/eculenHFig.  191)35  in  the 
Tettuce,  coriaceous  or  lea- 
n  the  box  or  holly, 
'^fleshy  as  in  Piiiguicula.      ^'[■^^9^-  "^"'r^^^A"' '' 

The  leaf  is  usually  of 
symmetrical  shape  on  each  side  of  die  mid-rib  ;  but  some- 
times unsymmetrieal  or  oblique  {Fig.  156,  p.  95),  as  in  the 

e  or  Begonia,  one  side  being  latgeT  foan  'Otve  o'fet\. 


Mettu 
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The  length  of  life  of  leaves  varies  greatly.  The  leaves 
of  the  majority  of  plants  in  temperate  climates  fall  off  in  the 
autumn  [or  are  deciduoHs\ ;  in  so-called  evergreen  trees  and 
shrubs  they  persist  through  the  winter,  and  may  even  remain 
for  several  years,  as  in  some  species  of  Conifera;. 

The  green  colour  which  is  characteristic  of  the  greater 
number  of  leaves  is  due  to  a  colouring  matter  contained  in 
their  cells:,  chlorophyll  {?&&  p.  24).   In  some  etiolated  [sapro- 
phytic or  parasitic]  plants,  as  Orobanthe,  it  is  wanting ;  in 
others  the  leaves  are  variegated  or  coloured  white,  red,  or 
yellow,  in  patches.    The  colour  of  the  leaves  of  many  plants 
changes  more  or  less  in  the  course  of  the  year.     Thus  the 
leaves  of  the  grape-vine,  which  are  at  first  green,  often  turn 
red  in  the  autumn  ;  while 
those  of  the  copper-beech 
are  reddest  in  the  spring, 
and     afterwards     become 
more  and  more  green. 

ky/  W        '      h^  SUBSIDIARY  ORG.4I 

I  ff  Under    this    head    are 

jrp-— JL.  included  a  number  of  stnic- 

V' 'jf  3.      lltTL^^  tureswhich  maybe  regarded 

II ?7rv^        ^s  appendages  to  the   or- 
i/  ^'^ft'J       ^^°^     already     described. 
J-™.  m^       ^t         They  are  in    some    cases 

modified  parts  of  the 
stem  or  leaf,  in  others  a 
special  development  of  the 
epidermis  which  forms  the 
outer  covering  of  plants. 
Among  them  are  tendrils 
or  cirrhi,  filiform  struc- 
tures which  cling  round 
neighbouring  substances,  and  whose  function  is  to  enable 
■weak  plants    to   attjich    themselves   10,    aT\d  \q  iA\wi\i  m^ 


TIte  External  Form  of  Plants 


109 


stronger  plants.  Accordingly  as  they  belong  to  the  stem  as  in 
the  vine  {Fig.  196),  or  to  the  leaf  as  in  the  tare,  they  are 
called  item-  or  leaf-tendrils.  The  same  distinction  is  made 
between  bramh-spines  as  in  the  sloe  (Fig.  197),  and  leaf- 
spines  as  in  the  holly  (Fig.  172,  p.  98);  i.e.  stiff  and  very 
sharp-pointed  structures  arising  from  tlie  transformation  of  a 
Stem  or  leaf,  or  a  part  of  one  of  these  organs,  and  which  are 
therefore  not  mere  epidermal  growths.'    Prickles,  although 


sharp-pointed  like  spines,  are  distinguished  from  them  by 
belonging  to  the  epidermis  only,  and  therefore  easily  break- 
ing off  smoothly,  which  is  never  the  case  with  spines ;  a 
good  illustration  is  furnished  by  the  rose  (Fig.  198 ;  see 
also  p.  63).  An  important  class  of  these  subsidiary  organs 
are  hairs — delicate  appendages  of  the  epidermis  which  are 


^^H  '  [TendriUandsplne;  miyalio  1>DthbeTiiclaTiioiplio;edEtipu!es 

^^K    former  is  penerally  believed  lo  be  ihe  miirphdlogicoi  nature  of  thi 


;thc 
orphdlogicol  nature  of  the  ten- 
drils in  the  Cucurbitaces ;  the  latter  is  the  case  in  the  'acacia-tree,' 
Rgbinit  (Fig.  184,  p.  103).  In  Lalhynii  Afham  (Fig.  146,  p.  ga), 
the  whole  of  the  leaf  is  converted  into  a  tendril ;  bat  more  frequently 
only  the  upper  pinrae  of  a  compound  leaf,  as  in  many  Legnminusj^ 
the  extended  mJd-rib,  as  in  Gierma. — Ed.'\ 
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sometimes  very  thinly  scattered,  when  [if  they  are  mode 
stiff]  the  part  which  they  cover  is  said  to  be  setose  or  hispii. 
hirsute  [when  the  hairs  are  longer],  pubescent,  or  vSlmi 
[when  the  hairs  are  thicker  and  softer,  according  as  they 
are  shorter  or  longer];  silky  [when  they  are  very  long  and 
delicate]  as  in  the  young  leaves  of  the  aspen  ;  woolly  as  in 
some  species  of  Primula ;  tornentose  as  on  the  underside  o( 
the  leaves  of  the  aspen,  oxjloccose,  as  in  Verbaseum  Hiapm 
[when  they  are  very  dense  and  interwoven,  according  to  ihe 
coarseness  of  the  hairs  and  the  thickness  of  the  coat  which 
they  form].  Sometimes,  as  in  the  stinging- nettle  (Fig.  88, 
p.  63),  the  hair  contains  an  acrid  fluid,  and  is  then  called  a 
sting ;  if  the  fluid,  on  the  other  hand,  is  viscid  [or  oily],  it 
is  termed  a  glandular  hair  (Fig.  92,  p.  63).  Closely  con- 
nected with  these  are  glands,  organs  which  do  not  assume  the 
form  of  a  hair,  but,  like  glandular  hairs,  secrete  a  fluid  which 
causes  the  surface  to  become  viscous  or  glutinous  as  in 
Lychnis  vlscaria  (see  also  p.  63).  Mention  should  be  made 
finally  of  scales  [or  peltate  hairs'],  peculiar  flattened  hairlike 
structures,  such  as  occur  on  the  leaves  oi  Elmagmu  (Fij 
p.  63),  and  Hippophae  rhamnoides. 


THE   FLOWER. 


(Fi^J 


The  flower  is  the  organ  [or  rather  assemblage  of  organs] 
the  purpose  of  which  is  the  production  of  the  seed.  It  is 
therefore  the  reproductive  organ  of  the  plant,  and  is  mor- 
phologically a  branchlet  provided  with  leaves  of  peculiar  form. 

The  more  or  less  perfect  development  of  the  flower- 
stalk  determines  whether  the  flower  is  pedicellate  (stalked)  or 
sessile. 

Some  parts  of  the  flower  are  essential,  others  non- 
essential, according  as  they  are  indispensable  or  not  for  its 
main  purpose,  the  production  of  the  seed.  The  non-es- 
sential parts,  which  are  always  exterior,  form  together  the 
floial  envelopes  oiperiaiith,  and  aie  se^ataXeli^  liia  lalj^aai.. 
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I  the  former  consiituting  an  outer  whorl,  which  is 
J  usually  green,  and  the  latter  an  inner  whorl,  which  is  usually 
Iwloured  (i-f.  nol  green),  (Fig.   199).     In  other  cases,  how- 


ever, there  is  no  such  contrast  between  the  two  whorls.   One 

may  be  entirely  absent,  as  in  the  elm  [or  stinging  nettle], 

,  if  both  are  present,  as  in  Liliacere,  [Juncaceie],  and 


Orchideffi,  they  may  not  materially  differ  in  colour  orform  ; 

and  the  Xzna.  perianth  is  especially  used  in  reference  to  these 

cases.     The  essential  parts  of  the  flower  are  the  andr«.mim 

^m  jfamais,  and  the  gymeceum  or  piiiil  ^PVg.    loo,  ?,,  'a'^. 
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The /riiit,  containing  the  seeiii,  is  developed  out  of  the  latter 
or  female  organ,  after  fertilisation  by  the  J>o/ien  formed  in 
the  stamens  or  male  organs. 

When  all  these  four  organs  are  present  in  the  same 
flower,  it  is  said  to  be  complete  or  perfect ;  if  either  is  absent, 
incomplete  or  imptrfcet.  [If  calyx  and  corolla  are  both  absent, 
the  flower  is  said  to  be  acklamydeous  ;  if  the  calyx  is  present, 
but  the  corolla  wanting,  it  is  monochlamydemts  or  apetalous  ; 
while  if  both  whorls  are  present,  it  is  iichlamydeous^  Those 
flowers  whicji  possess  both  stamens  and  pistil  are  herma- 
phrodite or  bisexual;  those  in  which  either  stamens  or 
pistil  are  wanting  are  diclinous  or  %misexual.  If  the  stamens 
are  present  but  the  pistil  absent,  they  are  vtale  or  staminate 

I  (Fig,  aor) ;  if  on  the  other  hand  the  pistil  is  present  but 
the  stamens  absent,  they  are  pislillate  oi female  (Fig.  aoz) ; 
while  flowers  which  possess  neither  pistil  nor  stamens,  as  the 
outermost  flowers  of  the  capitula  of  the  com  blue-bottle, 
Centaurca  Cyanus  (Fig.  203),  are  sterile  or  natter.  If 
the  same  plant  bears  both  male  and  female  flowers,  the 
species  and  the  flowers  are  said  to  be  monxcioiis;  dimcioiis 
when  the  male  and  female  flowers  are  on  different  individuals, 

I  and  hence  some  individuals  are  male,  others  female  ;  while 
Biose  plants  in  which  male,  female,  and  hermaphrodite 
Bowers  are  ail  found  on  the  same  individual  are  said  to  be 
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polygamous.  Examples  of  moncecious  plants  occur  in  the 
oak,  walnut,  birch,  and  CalUtrUhe  ;  of  dicecious  plants  in  the 
juniper  and  poplar;  of  polygamous  in  the  maple,  elm,  and 
horse-chestnut. 

The  centre  of  a  perfect  flower  is  occupied  by  the  pistil, 
around  which  are  grouped  first  the  stamens,  next  the  corolla, 
and  finally  the  calyx,  arranged  in  whor!s  or  spiral  lines. 
The  greatest  diversity,  however,  prevails  in  the  mutual  posi- 
tion of  the  individual  organs,  which  is  best  recognised  by  a 
longitudinal  section  of  the  flower,  and  by  the  floral  diagram 
or  croES  section.    In  Fig.  204,  for  example,  which  represents 


petab,  and  ■  trilocular  ovary. 


diagramraatically  the  cross  section  of  a  cruciferous  flower,  it 
is  seen  that  the  calyx,  k,  consists  of  two  whorls,  each  of  two 
leaves,  with  alternate  estivation ;  the  corolla,  e,  of  one  whorl 
of  four  leaves  with  imbricate  Eestivation ;  while  the  andrcecium, 
s,  also  consists  of  tn-o  whorls,  the  outer  one  of  two,  the  inner 
one  of  four  stamens.  The  leaves  of  the  corolla  alternate 
with  those  of  the  calyx  ;  the  stamens  of  the  inner  whorl  stand 
in  front  of  (in  other  words,  are  opposite  to  or  superposed 
upon)  the  leaves  of  the  corolla,  the  two  outer  Qtie.%  \ieE.';{, 
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alternate  with  them.     The  diagrams  Figs,  205,  206'  bring 
it  analogous  points  of  stmcture. 

All  the  different  parts  of  the  flower  frequently  stand  free 

(  the  base  or  receptacle  of  the  flower,  as  in  the  various 

species  of  Raimnaihts,  but  are  often  coherent  or  adherenl  to 

another.     Thus  in  the    dead-nettle,  borage,    &c,   the 

stamens  are  adherent  to  the  corolla,  and  in  Daphne  (Fig. 

I  aoy)  to  the  perianth ;  in  the  Malvaceie  (Fig.  275,  p.  139)  the 


Lhrough  the   Eower  of  Dafhjte 
/_    showing  ihe  sUmens 


filaments  of  the  stamens  are  coherent  in  their  lower  part  into 
a  tube ;  in  OrchidcE  the  single  stamen  is  adherent  to  the 
pistil,  &c.  When  the  calyx,  corolla,  and  stamens  adhere  to 
one  another  at  their  base,  the  flower  is  said  to  be  calycijlorai 
(Fig.  208)  ;  thalamifloral  when  the  various  parts  stand  free 
on  the  receptacle  or  thalamus  (Fig.  zog). 

Special  importance  is  attached  to  the  relative  positions 
of  the  perianth-whorls  and  stamens  in  relation  to  the  pistil, 
or  to  their  insertion  ;  the  ovary  [the  lower  part  of  the  pistil] 
being  inferior  or  superior  in  relation  to  the  superior  or 
I  inferior  calyx,   corolla,  and  stamens.     Thus  the  ovary  is 

In  alt  Oje  diagrams,  Ihc  calyx  is  shaded  a  lighter  colour  than  the 
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ilf 


:o).     The   ovary, 


superior  or  free,  as  in  Ranunailus  (Fig.  209)  or  Rkammis 
(Fig,  208),  when  the  remaining  parts  of  the  flower  are 
attached  to  or  below 
its  base,  and  are  con- 
versely inferior  or  hy- 
pogynmts.  The  ovaiy 
on  the  other  hand  is 
inferior  when  the 
other  parts  of  the 
flower  are  attached 
to  its  upper  part,  and 
are  therefore  supe- 
rior, adherent,  or  ept- 
gynmis,  as  in  Mestmbryanthemum  (Fig, 
finally,  is  htilf-inferior  when  the  other  parts  of  the  flower 
are  coherent  at  their  base,  and  thus  form  a  tube  which  sur- 

^^■itinds  the  free  pistil,  as  in  the  rose ;  the  calyx,  corolla,  and 
^^Htunens  then  having  a  half-superior  or perigynous '  insertion. 

'  [Practically  the  tenn  frrigyneus  is  osrf  in  English  descrip^ve  bo- 
tany Viith  reference  lo  the  stamens  to  express  their  umon  to  the  calyx  ; 
when   atlaclicd    to  the   corolla  they  are   epipelalaus  \   efi^iious  wIwhi 
^^altached  to  the  upper  part  of  the  ovary.     An  "'mfenot'  o\a.-n  Ss '^■""-'i'^ 
^^K^resaJtofihc  adhesion  to  the  wall  of  the  D\ai^  oi  a.  "^a-n.  ot 'Cvit -HVi^si 


-^i]^^^ 


ia~Longiludinai  se 
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,\ii  additional  point  to  note  is  that  fre- 
quently the  number  of  the  different  parts  of 
the  flo^^'er  is  not  always  the  same  in  the  same 
species.  Thus  in  Adoxa  Moschatdlina  and 
Momtropa  Ayjwpitys,  the  petals  of  the  ter- 
minal flowers  of  the  inflorescence  are  five  in 
number;  of  the  lower  flowers  on  the  contrary 
four;  'mAtriplex^&  perianth  of  the  female 
flowers  is  tivo-leaved,  while  that  of  the  male 
and  hermaphrodite  flowers  is  three  to  five- 
leaved. 


THE   INFLORESCENCE. 

The  flowers  stand  either  solitary  or  grouped 
together  according  to  a  definite  law,  on 
branched  or  thickened  flower- stalks.  Such  a 
group  of  flowers  is  termed  an  infloresceiue; 
[the  common  stalk  of  the  inflorescence  is 
then  the  peduncle,  the  separate  stalks  of 
the  individual  flowers  fcdicels,  and  the  axis 
of  the  it)9oTescence  the  rachis\.  Solitary 
flowers  are  usually  seated  each  in  the  axi!  of 
a  leaf  or  bract  as  in  the  deadly  nightshade, 
Atropa  Belladonna,  less  often  at  the  apes  of 
the  stem  as  in  Paris  quadrifolia,  or  of  a  scape 
as  in  tlie  tulip.  In  some  plants  with  verticil- 
late  leaves  a  single  flower  is  produced  in  the 


of  the  calyx  ;  when  the  whole  is  adherent,  the  calyx- 
.  limb  is  then  oholctf,  as  in  man/  Umbellifene ; 
I  when  only  a  portion,  then  the  calyx-Hmb  is  said  to  be 
■  superior,  or  half-superinr,  as  ihe  case  may  be.  The 
!  term  cohesion  is  used  Co  express  the  union  of  similar 
1  with  stamens,  or  petals  with  petals ; 
n  of  dissimilar  parts,  as  stamens  with 
calys  with  oyary.  In  Gccmau  tte_ 
s  uatil  for  bnlk — li.D,^  "*"" 
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I  axil  of  each  of  the  leaves,  when  the  flowers  form  : 
Vihorh  as  in  Hippurh  { Fig.  211). 
The  common  peduncle  of  the  inflorescence  is  sometimes 
extremely  abbreviated,  the  sessile  or  very  shortly  pedicelled 
flowers  standing  upon  it  very  closely  crowded,  as  in  the 
clover  (Fig.  212).  The  form  of  the  inflorescence  is  then 
^H    dependent  on  the  nature  of  the  termination  of  the  peduncle;  1*1 


The    common    receptacle^   or    surface    from    which    tlie    in- 
florescence springs,  is  sometimes  flattened  out,  and  some- 
times swollen  into  a  more  or  less  hemispherical  form  (Figs. 
^213,  Z14);   these  tivo  variations  being  especially  common 
■  in  the  order  CompositJe,  and  characterising  the  capitulum  \ 
or  it  is  sometimes  hollowed  out  into  a  pitcher-like  form,  as 
in  the  fig  (Fig.  215),  constituting  a  hypanthodmm;  or  the 
separate  flowers  are  buried  in  the  fleshy  receptacle,  when  it 
becomes  a  cananihium,  as  in  Dorstenia  (Fig,   216).     The 
■(feceptadeitjelf  is  usually  solid,  but  raa.^ 'Vie  VioWo'w^vfr 


«^_ 
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I  it  may  be  «i7i^//,  or  jrfiw^,  i>.  clothed  with  bristles  (Fig.  217), 
I  or  covered  with  hair-like  bracts  or  palea  when  it  is/a/raooiit 
(Fig.  2 18),  or  //;/- 
briated;  or  it  may  be 
pitted  with  small  ex- 
cavations. All  these 
forms  of  receptacle 
occur  in  dlflerent 
genera  of  Com  po  si  Ire. 
The  capitulum  is 
most  commonly— in 
Compos! tse  [and  Dip- 
sacaceie]  always— en- 
closed at  its  base  in 
a  common  involucre, 
consisting  of  crowded 
bracts,  sometimes 
several 
whorls,      and      then 
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usually  imbricate  (Fig.  219).     In  many  plants  (especially 
Compositse)  in  which  the  flowers  are  arranged  in  capitula, 
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the  marginal  flowers  of  each  capitulum  are  larger  and  n 
conspicuous  than  the  internal  ones,  and  the  capitulum  is 
then  said  to  be  rayed  [the  outer  flowers  being  termed  flowers 

»                   florets  of  tlu  ray,  the  inner  ones  flowers  or_/&rfj^^/'/;fi/w], 
i  in  the  chamomile  (Fig.  214),  single  aster,  marigold,  &c 
The  umbel  resembles  the  capitulum  in  the  fact  of  the  stem 
terminating  in  a  number  of  flowers,  but  each  separate  flower 
is  stalked.     The  umbel  is  simple  when  the  main  stem  or 
peduncle  ends  in  a  nmnber  of  separate  stalked  flowers,  as 
'  1  the  cherry  (Fig.  320),  compoufui  when  it  branches  into  a 
\  number  of  secondary  umbels  or  umbellules  {Fig.  221)  [as  in 
the  majority  of  genera  of 
i*"*   ^  -.  UmbelliferK].  The  main 

•^  "A,     umbei  is  generally  sur- 

•^1^  f^^     rounded  at  its  base  by  a 

<  ^'  nhorl   of  bracts,   again 

"  I  ~   y        "^^  called  an  tiivolua-e,  while 

//  the    whorl    surrounding 

i  each   of  the   secondary 

If  umbels  is  an  invohicel  or 

»,„  „  ~  .  u.,  r  r  !■  1  partial  involucre.  Either 
ria.  «i.— Compmnd  umbel  of  ftoU  parsley,  ' 
jElkuit  cyuapm>H\  commnti  involucre  wnni-  of  the  tWO  may,  however, 
be  svanling,  or  may  con- 
sist of  a  smaller  or  larger  number  of  leaves.  Thus  the  carrot 
has  both  involucre  and  involucels,  each  consisting  of  a  large 
number  of  bracts  ;  the  fool's  parsley,  /Ethusa  eynapium  fFig, 

»  221),  has  involucels,  but  no  general  involucre;  the  fennel 
neither  one  nor  the  other.  The  length  of  the  separate 
pedicels  may  vary  greatly,  so  that  the  umbel  becomes 
spherical,  hemispherical,  or  flat ;  or  it  may  be  rayed  like  the 
capitulum  [as  in  Heracleiim,  where  the  outer  flowers  of  eacli 
umbellule  are  larger  than  the  inner  ones]. 

I  In  the  spike,  the  common  peduncle  or  rachis  bears  a 
number  of  flowers,  arranged,  in  the  simple  spike  (Fig.  222) 
ppposite  one  another,  in  whorls,  or  spirally,  and  sessile,  or 
ith  only  very  short  pedicels  ;  while,  m  t\\e  compound  sfike. 
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these  are  replaced  by  small  secondary  spikelels,  as  in  some 
grasses.  Tlie  individual  flowers  may  also  be  leas  or  more 
crowded,  according  to  the  greater  or  iess  elongation  of  the 
rachis.  A  spike  with  a  thick  fleshy  rachis,  and  enveloped 
in  a  large  bract  growiog  at  its  base,  as  in  Annn  or  Calla,  is 
termed  a  spadix,  and 
the  enveloping  bract 
a  spaths.  A  catkin 
or  atnentiim  is  a 
crowded  spike  of  uni- 
sexual flowers,  with 
weakrachis(Fig.  223); 


efitimla. 


when  consisting  of  male  flowers  only  it  is  deciduous ;  the 
male  flowers  of  the  oak,  hazel,  sweet  chestnut,  &c,  are  in 
catkins  ;  both  male  and  female  flowers  of  the  willow,  poplar, 
and  birch.     In  the  cone  of  many  Coniferte  (Fig.  224),  the 

Iachis  and  bracts  which  subtend  the  naked  ovules  have 
ecome  more  or  less  completely  lignified  ;  in  the  sirobilus  of 
be  hop  the  bracts  are  persistent,  large,  and  membranous. 
The  rrti-f/rtc  is  distinguished  from  t.W^V'V.e\yj'*5.« 


I 
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flowers  being  stalked.  A  compound  raceme  or  panicle,  as 
in  the  oat,  is  distinguished  from  a  simple  raceme  {Fig.  225) 
by  the  individual  flowers  on  the  rachis  being  replaced  by 
lecondary  racemes  ;  when  very  much  branched  [and  pyra- 
midal in  shape]  as  in  the  lilac  [or  horse  chestnut]  it  is  called 
a  thyrse.     When  the  lower  and  outer  flowers  are  borne  on 


[  pedicels  which  are  so  much  longer  than  the  upper  and  inner 
ones  that  the  whole  inflorescence  is  more  or  less  nearly  flat- 
headed,  it  becomes  a  corymb,  as  in  the  undeveloped  raceme 
of  many  Cnicifers  [like  the  wall-flower,  or  in  the  elder].  In 
the  inflorescences  of  many  species  aljunats  and  Liiziila  the 
pedicels  of  the  lower  flowers  are  so  greatly  lengthened  that 
they  rise  even  above  the  upper  ones,  and  the  term  anthda  is 
then  given  to  the  inflorescence.  The  mode  of  development 
of  the  anthela  corresponds  to  that  of  tlie  sympodium  (see 
p.  76).  The  panicle  often  passes  over  insensibly  into  the 
compound  umbel     In  the  cyme  two  or  more  branches  of 

equal  strength  spring   from  beneath  a.  leimvRal  flower ;  it 
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is  globular  in  the  guelder-rose,  flat-headed  or  corymbose 
in  the  laiiriistinus.  Under  this  head  should  be  included 
also  the  veriia'llaster,  frequently  erroneously  described  as 
a  whorl,  a  very  common  inflorescence  in  the  I^biatas, 
in  which  the  flowers  of  two  cymes,  often  but  imperfecdy 
developed  and  borne  on  opposite  sides  of  the  stem  in. 


the  aids  of  opposite  leaves, 
appear   as   if   encircling  the 
stem.      Similar    undeveloped 
closely  crowded  cymes,  tenned 
%lonwuli,  occur  in  Valman- 
tlla.    When   a  cyme   is    de- 
veloped only  on  one  side,  and 
in  the  young  state  is  rolled  up 
in  a  circinate   manner,    it   is 
aetace  of  called  a  scorpioid  cyme,  as  in 
o^JSn^f  the  forget-me-not  {Fig.  227); 
ii«  Bowin  m  iM  >™piu."  >:yiot  [when  always  branching  into 

two  anas  of  equal  strength,  -with  a  flower  in  the  angle,  as 
in  most  Caryophyllacese,  it  is  a  dicholomom  cytm,  Fig.  216], 
The  great  variety  of  diflerent  kinds  of  inflorescence  is  in- 
creased and  rendered  more  complicated  by  the  combination 
of  some  of  those  here  described.' 


I 

e 
an 
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THE  CAI.YX. 


The  calyx  is,  in  its  most  perfect  form,  the  protecting 

envelope  for  the  interior  more  delicate  parts  of  the  flower  ; 

and  may  therefore  be  compared  to  bud-scales.     In  some 

plants,  as  in  the  Umbelliferse,  it  is  but  slightly  developed, 

the  calyx-limb  being  obsolete,  and  its  teeth  scarcely  visible 

the  margin  of  the  inferior  ovary.'     The  more  perfectly 

developed  calyx,  which  is  generally  green,  consists  usually 

^of  only  a  single  whorl  of  leaves  or  sepals  ;  less  often,  as  in 

itrawberry  (Fig.   228),  of  two  ;  or  occasionally,  as  in 

Gossypiiim,  of  three  whorls.     In  a  few 

instances^among  Dicotyledons   in  the 

fuchsia,   larkspur,  Tropteoliim,    Szc — the 

calyx  ig  coloured  ;  but  die  whole  of  the 

floral  envelope  might  in  these  cases  be 

spoken  of  as  a  perianth,  as  is  usually  the 

case  ivith  Monocotyledonsi 

_  The  calyx  is  said  to  be  gamosepalens 

•  "Mrawi>c;^!°wiih  aiy^  or  synsepalous  [in   older   works  on  de- 
intwnrawj^  scriptive  botatiy  '  monosepalous '],  when 

the  leaves  of  which  it  is  composed  are  more  or  less  coherent 
aX  the  base  :  apesepalom  or  eleutherosepalous  [in  older  works 
'  polysepalous '],  when  they  are  completely  distinct.  It  may 
also  be  rtgular  or  irregular;  but  the  irregular  calyx  is  almost 

»  always  symmetrical?  that  is,  it  can  be  divided  into  two 
apes  opens  firat,  and  then  the  rest  in  regular  succession  ;  and  (i)  definite 
or  cealri/ugal,  in  wliich  the  order  of  development  is  the  reverse,  the 
central  (lower  opening  first.  To  the  second  class  hslnng  the  cyme  and 
its  varieties  ;  10  the  first  moat  of  the  other  kinds  of  inlloreseence.  In  the 
capitulum  of  some  Dipsacaceic  we  get  a  eomliination  of  the  two. — En.] 

'  [This  term  Is  usedm  most  English  text.bool;s  in  a  different  sense, 

(to  express  a  relationship  in  number  between  the  sepals,  jietals,  and 
tlBmens.     If  these  are  the  same  in  number,  or  a  multiple  of  the  sa 
mbh 


[  number,  as  in  Saxifraga,  S,  S,  S,  or  Fiichiia,  4,  4,  8,  Ihe  flower 

be  'symmetrical ;'  if  this  is  not  the  caste,  as  in  Cracifcrie,  4,  4,  6,  u: 
'■'-■-  J,  J,  4,  it  is  said  lo  be  '  unsymmetv'vc3.V— t.B.'^ 
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parts,  so  that  each  one  is  exactly  similar  to  the  other  re- 
versed. The  regular  gamosepalous  calyx  may  be  rotate 
[or  with  the  limb  expanded  like  a  wheel],  turbinate  or  top- 
shaped,  urceolate  or  urn-shaped  (Fig.  229),  infundibuliform 
or  funnel-shaped,  tubular  or  cylindrical,  inflated  (Fig.  254, 
p.  132),  \campaniilate  or  bell-shaped],  &c.  The  margin  or 
edge  of  the  calyx  may  also  be  toothed,  lobed,  or  incised,  accord- 
ing to  the  depth  to  which  it  is  cut  The  number  of  teeth 
has  also  to  be  taken  into  account,  when  tlie  calyx  is  said  lo 
e  bifid,  trifid,  multifid,  &c. ;  or  in  the  case  of  aposepalous 
Uices  the  number  of  separate  sepals,  when  it  is  hisepaloits. 


t 


we-ttx)lhcd  calyit 


pelysepalous,  &c  Among  irregular  forms  of 
the  calj-x  an  especially  common  one  is  the  bilabiate,  or  tivo- 
lipped  (Fig.  230),  a  gamosepalous  calyx  divided  by  two 
deep  incisions  into  an  upper  and  lower  division  or  lip 
[particularly  characteristic  of  the  order  Labiate]  ;  and  not 
unfrequent  are  tlie  spurred  (Fig.  231),  furnished  with  alaxger 
or  shorter  hollow  appendage  or  spur  [as  in  Tropaolum  and 
Impalieiis]]  and  the  saccate  (Fig.  232),  which  occurs  fre- 
quently in  Cnicifene,  and  consists  of  four  distinct  sepalsi 
two  of  which  are  gibbous  at  the  base. 

As  respects  its  persistence,  the  calj-x  may  be  caducous, 
when  it  is  thrown  off  at  the  time  of  expansion  of  the  flower, 
the  poppy  (Fig.  233) ;  dtddimis,  \\\\ci\  x'l.^jSa  "iffi.  ■iS. 
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'  the  same  time  as  the  corolla;  or  persistent  [when  it  remains 

after  the  corolla  has  fallen].     The  ca3yx  generally  leaves  a 

\  smooth  scar  wlien   it  faUs  off;  less  often,  as  in  Datura  and 


J'oriiilaca,  the  lower  part  remains  attached  like  a  frill. 
The  persistent  calyx  often  retains  its  form  unchanged, 
as  in   the   strawberry ;    but,  soKietimes,  as  in  the  winter- 

^^P  Bl  poppy.  BcntHMt  oJyi  ot 

^^H  raundmg  ihe  frvK. 

^^L  <:ftdvr(;  P^jisalis  Alkekengi  (Fig.  234),  it  increases  in  size  [or  Is 
^^fcwTViKOT^  and  forms  a  membranous  sack  vjVidv  eTwd':)'^^^ 
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the  fruit  Sometimes  it  even  takes  part  in  tiie  formation  of 
the  fruit,  as  in  Trapa,  the  four  horns  of  the  fruit  being  here 
formed  by  the  lignification  of  the  caiyx-teeth.'  Particularly 
noteworthy  is  the  production  of  ^e  pappus  from  the  limb  of 
the  calyx.  This  peculiar  form  is  especially  characteristic  of 
CompositEG  J  the  calyx  continues  to  grow  after  the  withering 
ofthe  corolla,  and  eithera  crown  of  simple  hairs  or //fee  pap- 
pus (Figs.  23S>  Z36),  or  a  plumose  pappus  of  branched  hairs 


(Figs.  237,  238),  is  formed  from  its  teeth,  and  subse- 
quently crowns  the  fruit.  The  pappus  may  either  be 
sessile  as  in  the  groundsel  (Fig.  235),  or  j'//)t(?afr  as  in  the  dan- 
delion (Fig.  236),  from  the  development  of  the  upper  part 
of  the  calyx-tube,  in  the  form  of  a  stalk  which  bears  the 
feathery  crown.  The  pappus,  again,  may  be  dentate,  or 
atronate  (Fig.  239),  the  calyx-teeth  remaining  in  the  latter 
case  undeveloped,  and  being  transformed  into  small  broad 
hairs  which  form,  as  it  were,  a  cron-n  to  the  fruit  In  addi- 
tion to  the  Composite,  instances  of  a  pappus  occur  in 
Valerianaces  and  Dipsacaceie.      The   chicory,    Ckhorlum 


'  [The  fleshy  calyx-lube— or,  35  some  thinlt,  the  receplatJi 
rose,  apple,  pear,  &c.,  uniies  with  the  pftW  10  SoTW  a  ^stvs.itrasx'j'^ 
p.  146).— Ed.] 


the  J 
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/K/yiHi,  furnishes  an  illustration  of  a  coronate,  the  articholte 
and  Scorzonera  of  a  plumose  sessile,  the  goatsbeard,  TYago- 


Hirarii.  the  feathery  rays 

goronale  pappus,  f. 

pogon,  of  a  plumose  stipitate,  the  common  thistle,  Cntciis,  of 
a  pilose  sessile,  the  dandelion  of  a  pilose  stipitate  pappus. 


THE  COROLLA, 

The  leaves  of  whicJi  the  corolla  consists,  or  petals,  are, 

;  a  nile,  much  more  delicate  than  those  of  the  calyx,  and 

are  usually  coloured,  i.e.  white  or   some  bright  colour  in 

contradistinction  to  green.     The  colour  of  the  corolla  is, 

I     however,  of  subordinate  importance,  and  is  often  variable  in 

■  the  same  plant     The  coroUa  of  J'liltiwnaria,  for  example, 

Wf  is  red  when  it  first  opens,  and  afterwards  becomes  violet 

"     [that  of  Cobisa  scandens  changes  gradually  from  pale-green 

to  purple],  while  that  ^ii  Hibiscus  abelmoschus  is  white  in  the 

morning,  pale  red  by  mid-day,  and  rose-red  in  the  evening. ' 

'  [In  many  species  also  the  colour  varies  in  difTerent  individiuLls  :  Uins 

the  corolla  of  Campanula  rBtumlifolia,  usually  blue,  is  occasionslly 

white  ;  that  of  Erica  Itlratix,  usually  lose-coloured,  is  also  occasioitally 

while;  white  that  of  JWj-gala  vulgaris  \%  'w^'SeKxA-j  vitute,  bhu^  m* 

I  fosc'coloiired. — En.  J  
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It  is  unusual  for  the  corolla  to  be  green  ;  in  the  grape-vine 
it  is  yelIo\¥ish  green.  Certain  plants,  however,  which  have 
nonnally  a  bright- coloured  corolla,  produce  occasionally  a 
green  one,  as  occurs  in  Hydrangea  and  Hesperis. 

The  corolla  is  gamopeialous  or  sympetalous  [less  cor- 
rectly '  monopetalous'],  when  the  petals  are  more  or  less 
coherent ;  apopetaloits  or  eleutlieropetaloiis  [less  correctly 
'  polypetalous  '\  when  they  are  perfectly  distinct ;  regular 
when  they  are  all  alike ;  irregular  when  one  or  more  differs 
from  the  rest  in  size  or  form  ;  but  in  the  latter  case  the 
corolla  is  always  syvimeirical  (see  foot-note,  p.  124). 

The  principal  forms  of  the  gamopetalous  corolla  are  ^o- 
■as  in  Erica  leiralix  {Fig.  240);  K^«i'/a/-f  or  um-shaped 
as  in  the  bilberry  (Fig  241) ;  campanu- 
late  or  beil  shaped  as  in  Campanula 
(Fig.  242) ,  ( ifundibuliform  or  funnel- 
shaped  as  in  Conzohuliis  arvmsis  (Fig, 


(magnEfied). 


243)  J  tubular  as  in  the  '  florets  of  the  disc '  of  many  Com  - 
positse  (Fig.  244);  rotate  as  in  the  borage  (Fig.  245);  hypo- 
iraterijorm  or  salver-shaped  as  in  the  jasmine  (Fig.  247); 
ligulate  or  strap-shaped  as  in  the  '  florets  of  the  ray '  of  reiany 
Cosnpositx  (Fig.  246) ;  bilabiatt  aa  m  mcst  \^\a.\:s.  i;^\'^ 
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248),  where  the  corolla  is  divided  into  an  upper  and  a  lower 
lip,  the  former  having  two  and  the  latter  three  teeth  [repre- 
senting the  five  petals].  \Vhen  the  two  lips  are  widely  sepa- 
rated, as  in  the  figure, 
the  corolla  i 
be  ringent ;  while,  it 
the  mouth  is  dosed 
by  a  cushion-like  for- 
the  unden 
lip,  called  Ha^  palate. 


borage,  JwTfl 
Ii  (magnifieiL). 


■ollaof    Flc,  146.—   .„ 

'cMd-      tx!k\atX  GkbitR 

/WM  (nngnlfied). 


II  is  in  Antirrhinum  (Fig.  249),  the  corolla  is  said  to  be/w- 
I  senate.  [The  corolla,  like  the  calyx,  may  be  spurred,  as 
tic    : 


WtaniUa  of  Aamim 


tv  pervfnoSA  uao^^^tA 
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I  En  Viola  and  many  orchises,  or  Jiooded,  as  in  the  monks- 
hood]. 
The  form  of  the  apopetalous,  like  that  of  the  gamo- 
petalous  corolla,  varies,  and  may  be  globose,  campamdate, 
rotate,  &c. ;  but  the  most  important  point  to  note  in  it  is 
the  form  and  the  relative  position  and  number  of  the  petals. 
As  respects  their  form,  they  may  be  t^i/ire  as  in  the  apple ; 
obcordate  as  in  j£thvsa  cynapium  ;  toothed  or  fringed  as  in 
many  Caryophyllaceas  (Fig.  250) ;  fimbriate  as  in  Diaiit/ius 


are 
I       of 

^Khy 


'flvmarius;  bifidasm.  Lyi/mis  diurna  (Fig.  2^1) ;  ungniadute 
(Figs,  250-252),  when  the  petals  are  very  narrow  in  the 
lower  part,  which  fonns  a  claw  or  unguis,  while  comparatively 
broad  in  the  upper  part  or  lamina,  &c 

There  are  several  forms  of  the  apopetalous  corolla  which 
are  of  especially  common  occurrence,  and  therefore  wortliy 
of  note  [and  which  are  fre^iuently  characteristic  of  large 
latural  groups] :  vis.  the  cruciform,  papilionaceous,  caryo- 
ihyllaceous,  rosaceous,  and  the  less  conmion  but  very  re- 
irkable  mitrjeform.  In  the  cruciform  corolla  (Fig.  252), 
characteristic  of  the  large  natural  order  of  Crucifene,  we  find 
four  unguiculate  petals  arranged  in  the  form  of  a  cross,  and 
alternating  with  the  four  sepals.  The  papilionaceotis  vjx^i^ 
(Fig.  353),  confined  to  the  division  Pap\V\OTAa.ce'S,  tS.  "Cne,  avict 
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Leguminosje,  consists  of  five  petals,  of  which  one,  the  stan- 
dafd  or  vexillum,  the  uppennost,  is  usually  the  largest ;  at 
its  sides  are  the  two  wings  or  al^ ;  while  the  lowem 


part  of  the  corolla,  the  ia-Zor  carina,  consists  of  two  petals 
often  more  or  less  united  above,  and  usually  enclosing  the 
stamens  and  pistil.  The  caryopltyllaceous  corolla  (Figs.  354, 
255)  consists  of  five  petals  with  long  ungues  attached  to  the 


1  gamosepalous  [or  sometimes  aposepalous]  calyx, 
■t  [and  esch  of  the  petals  is  often  furnished  with  an  appendage 
t^Bovn  as  the  iigiiic,  (]-'ig     251)  and  fctmrn?,  Vti^e'ivex  N.Vve 
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(0rona\.  Tti^  rosaceous  corolla  (Fig.  256),  consists  of  five 
petals  which  are  not  unguiculate,  n'ith  perigynous  adhesion, 
i.e.  attached  to  that  part  of  the  urceolate  or  hypocrateriform 
calyx  where  the  separate  sepals  spring  from  the  coherent 
base,  and  is  especially  characteristic  of  a  section  of  the  order 
Kosaceie.    The  mitraform  corolla  (Fig.  357)  which  occurs 


Fig,  as«.— Longllodii 
the  UTCeoIale  calyx. 

in  the  grape  vine,  consists  of  five  petals  which  are  coherent 
at  their  tips,  and  become  detached  at  their  base  on  the  ex- 
pansion of  the  fiower,  thus  covering  the  inner  petals  of  the 
flower  like  a  cap. 

The  petils  usually  break  off  when  they  fall  by  an  articu- 
lation at  their  base,  but  often  remain  attached  and  withered, 
as  in  Campanula  [when  they  are  said  to  \iQmarceseent\  The 
corolla  never  takes  any  part  in  the  formation  of  the  fruit,  as 
is  sometimes  the  case  with  tlie  calyx. 


I 


THE  PERIANTH. 

When  the  Perianth  (i.e.  the  two  floral  envelopes,  the 
lyx  and  corolla)  is  green,  as  in  the  elm  and  Rumex  (Figs. 
a6o),    it   is  said  to   be   sepaloid\  wUe.w  W.'^V 
loured  or  ivhite,  as  in  Orchldere  aivA\jOimcc«.  l.Y\^-  tt.'v^i*- 
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;  the  dry  scarious  perianth  of  grasses  is  giuma- 
that  of  the  catkins  of  maoy  forest-trees  sca/y.  Simi- 
lar terms  may  be  applied  to  the  pe- 
rianth as  to  the  calyx  and  corolla,  with 
respect  to  the  form,  size,  number,  and 
arrangement  of  its  separate  parts.  It 
may  be  gamophyllous  or  symphyllmis 
['  monophyllous ']  on  the  one  hand ;  or,  on 
the  other  hand,  apophyllous  or  elatthero- 
phyllous  ['  poIyphylloLts ').  It  may  be  deci- 
duous, as  in  orchis,  or  persistent,  and  may 
then  become  aeerescenl  and  dry  as  in  the 
hazel-nut,  or  succulent  as  in  the  mulberry. 
In  the  latter  cases  and  some  others,  as 
Rumex  and  Hippophac,  it  takes  an  impor- 


...       .   ,  Ilea  dioiia  (magpiAcd). 

uj  uie  elm  (magoUied}. 

ttant  part  in  the  formation  of  the  fruit  [Under  this  head 
come  the  palea  and  lodicules  of  grasses,  and  'Ca.z  perigynium 
of  sedges.] 


SUBSIDIAKV  OKGANS  OF  THE   FLOWER. 

By  subsidiary  organs  are  meant  appendages  to  the  flower 
of  various  kinds  which  cannot  be  included  either  among 
the  floral  envelopes  or  the  essential  organs  of  the  flower. 

The  iTffrena  or  paracorolla  is  a  whorl  of  leaf-like  or  fili- 
organs,  often  brightly  colovited,  mletven™^  \ia.-«eea 
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the  perianth  and  the  stamens,  and 
the  one,  sometimes  to  the  other.  In  the 
261)  it  is  coherent 
and  bel!  -  shaped, 
while  in  the  passion- 
flower it  consists  of 
a  number  of  brightly 
coloured  hairs ;  in 
Lychnis  {Fig.  254, 
p.  132)  it  forms  a 
small  coronet  at  the 
base  of  the  rotate 
lamina  of  the  corolla  ; 
in  many  BorragineEe 
(Fig,  262)  it  consists 
of  five  scales  [or  sla- 
minedes\  which  close 
up  the  throat  of  the 
«)rolla-tube.  In  the 
corolla  of  Lamiuin  it 
assumes  the  form  of  fm, 
a  circle  of  hairs  ;  in 
the  grass  of  Parnas- 
sus (Fig.  263)  it  con- 
sists of  five  leaves 
which    terminate    at 

»  their  apex    in    from 
ftine  to  fifteen  glan-     ^ 
dular   bodies.     The 
j;^«r(Figs,  264,  266), 
which  sometimes  be- 
longs to   the  calyx,   Fm. 
sometimes     to     the     in 
•corolla,    is  also   fre- 
iquently  treated  as  a  subsidiary  organ.    . 

The  nectaries  must  also  be  tuenucmed  ia  'iii^ 
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They  are  the  part  of  the  flower  which  is  specially  constmcted 
for  the  secretion  of  honey,  and  are  of  great  importar 


attracting  insects  to  assist  in  feitilisatioiL  Instances  are 
afforded  by  the  shallow  pits  at  the  base  of  the  perianth-leaves 
of  the  crown- imperial,  the  hollows  con- 
cealed by  scales  at  the  base  of  the  petals 
of  Ranunculus,  the  glands  between  the 
i//     stamens   of  the   grape-vine    (Fig.    265), 


Vaimaiin  (magnified^ 


[the  spur  of  the  columbine  or  larkspur  (Fig.  a66),  and  of 
I  MBaay  specJes  of  orchis,  the  appendages  to  two  of  the  stamens 
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Lastly,  we  must    also  include  under  this  head  barren 

f  atamens  or  staminodcs,  filiform  bodies  placed  either  within 

I  without  the  perfect  stamens,  but  not  furnished,  like  them. 


-kapur,  with  spurted 
irolEa  (niiigQiiied). 

'with  andiers  at  their  apex.     Examples  occur  in  [the  female^* 
J  flowers  of]  the  bay  Launts  nobilis,  in  IlUccbrum,  Erodium, 
ySamolus,  [the  borage  (Fig,  262)  a 


OR   STAMENS. 

The  Stamens  consist,  in  their  most  perfect  form  (Fig. 
'  267),  of  a  longer  or  shorter  filiform  stalk,  ^&  filament,  which 
bears  at  its  apex  the  anther. 
The  filament  tisually  divides 
the  anther  into  two  halves,  the 
anther-lobes.  The  part  of  the 
filament  which  is  inserted 
between  the  anther-lobes  is 
called  the  eonnecttve,  and  is 
sometimes  divided  into  two  f,„,  ^.-swne 
arms,  which  are  often  greatly  ^^^""'j" 
elongated,  and  are  either  of  ^nrective 
equal  length,  as  in  the  horn- 
beam (Fig.  268},  hazel-nut,  alder,  birch,  and  lime,  ( 
sionally  of  very  unequal  length,  as  \q  Soliiia  l^\%-  *^^^ 


3)  oT  Fig.  its. 
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The  connective  usually  ends  witli  the  antlier-lobes,  and 
then  placed  at  the  extremity  of  the  filament ; 
or  less  often,  it  grows  beyond  the  anther,  as 
in  /"nm^ftarfry^/w,  where  the  anther  appears 
to  be  attached  to  the  middle  of  the  stamen, 


[or  the  violet,  where  it  forms  the  orange  tip  to  the  sta- 
mens]. Since  the  essential  part  of  the  stamen  is  ihejiallfn, 
which  is  developed  within  the  anther,  the  filament  may  be  en- 

t  -.■-■_.  tirely  wanting,  as  in  Orchidese,  Ver- 

\[    l\W\i    '^'""(Fig.  271),  [and   Viola],  when 
/\^M     I     J    J    1/     the  anther  is  sa;d  to  be  sasiie.     In 
n/^  \  m  i  J      ''^^  Grasses  (Fig.  2  70},  the  anther  is 
^\V  lllE/£r  '^"^'^  transversely  to  the  filament 

\\  miw  ^^  great  importance  in  connec- 

\    SU  tion  with  classification  are  the  mode 

H  of  attachment  and  number  of  the 

V  stamens,  as    well    as    the    relative 

I  lengths  of  the  filaments.     For  ex- 

I  ample,  with  but  few  exceptions,  all 

I  LabiatEe  [Scrophulariacefe,  Verben- 

iG   7  —  i«uon  of     oiiaoF  accEe,  Gesneracese,  Acanthacere,  and 
im'lamtni.  "        P P="-  Bignoniaceas]   have  two  short  and 
two     long     \ditfynam(ius\     stamens 
{Figs,  gyi,  2;j);  all  Cniciferffi  (Fig.  274}  two  short  and  four 
ts\.  Itraustalsobenoucedwhether 


allth^^l 


r 
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iments  are  distinct  to  their  base  (a  not.     Sometimes  the 
of  the  filaments  are  united  into  a  tube  or  sheath 


\inonaddphoits\,  as  in  Malvacefe  (Fig  275)  and  many  Legu- 
minosEB  ;  in  other  cases  into  two  bundles  \diaddphoui\  as  in 
manyLeguminosK  {F]g 
276) ;  or  into  a  largtr 
number  \polyad<l 

phou£\,  as  in  the  orangt 
(Fig.  277)  and-^O'A"- 
cum.  Again,  when  the 
filaments  are  perfectly 
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distinct,  the  anthers  may  be  coherent  or  united  by  their 
margins  \syii^ieswus\  as  occurs  in  CompositE  (Fig.  278). 
Occasionally,    the    anthers    are    sessile    upon   the   stigma 

I\^ynandrous\  as  in  Orchideae  (Fig.  279).' 
The  pollen  is  formed  in  the  cavities  of  the  anther-lobes, 
which  are  termed  loatli,  and  are  most  often  two,  more  rarely 


it  (magnified). 

one  or  four  in  number,  the  anther  being  then  termed  uni- 
locular, biloadar,  or  quadrilocular.  In  most  plants  it  con- 
sists of  minute  pollen-grains,  entirely  distinct  from  one 
another  ;  less  often,  as  in  OrchideK  and  Asclepiade.-e  (Fig. 

'  [As  respects  their  adhesion  or  mode  of  attachment,  stamens  are 
kypogynous  when  growing  directly  from  the  receptacle  beneath  Ihc 
ovaiy  {RanunculU!,  Cruciterte) ;  fim'gymus  when  springing  from 
the  catyx  {Xesa,  Fu^Atia)  ;  epipttalouj  from  the  corolla  {Priintda, 
Lamuim)  ;  tpigynotis  when  attached  lo  the  npper  part  of  the  pistil  { Um- 
bellifen,  Rubia).  With  reference  lo  the  mode  of  attachment  of  the 
anther  to  the  (ilameot,  the  former  is  baHfixtd  or  innate  when  attached 
by  its  base  {heath,  tnlip)  ;  dornfixai  as  aJnalt  when  attached  by  its 
hack  fonion,  myrtle)  ;  virsatUe,  when,  in  the  latter  case,  the  altach- 
'f  the  anther  ioGxf^misA  U  very  slender,  as  in  most  Grasses 


W3% 
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3SS.P-  183),  they  are  united  into  awaxymass  \oi  follimiiin\. 
On  the  maturity  of  the  anthers,  they  burst  open  or  dehisce  in 
a  manner  which  is  well  defined  beforehand.  This  usually 
takes  place  by  means  of  a  longitudmal  fissure  in  each 
anther-lobe  (Fig.  280),  tofigitudinal  dehiscence,  most  often  on 
the  inner  side  of  the  anther,  facing  the  pistil,  introrse,  less 
frequently  on  the  outer  side  facing  die  corolla, 
txtrorse,  as  in  Irideas,  [or  precisely  at  the  side, 
lateral,  as  in  Ranuiiculus\.  Less  common  modes 
of  opening  are  the  dehiscence  by  reatrved  valves, 
[when  the  side  of  the  anther-lobe  is  turned  back 
as  on  a  hinge],  as  in  Berberis  and  Laurus  (Figs. 
2S1,  283) ;  and  by  pores  (Figs.  2S2,  284},  as  in 
the  Ericaceas,  Polygala,  Solanum,  &c ;  [still  less  p,^ 
frequent  is  the  transverse  dehiscence,  as  in  Alche-  "^  ^"^'^mii- 
niilla.]  In  some  cases,  appendages  of  a  peculiar  p™'dag«5ai  ific 
structure,  of  a  leaf-like  or  glandular  nature,  are  ih«.  ° 
attached  to  the  filaments,  as  in  yiola,  the  borage,  onion,  bay, 
&c,  (Fig.  283),  or  to  the  anther,  as  in  many  Ericaceje  (Figs. 
284,  28g).  [Between  the  corolla  and  the  stamens  is  some- 
times an  elevated  ring  known  as  the  disc.] 

The  foliar  nature  of  the  stamens  is  especially  well  seen 
from  the  fact  that  very  frequently — especially  m  many  so- 
called  tioubie  powers — the  stamens  are  converted  into 
petals;  or  occasionally  stamens  are  developed  instead  of 


-ml    ■ 
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tals,  as  is  often  seen  in  the  shepherd's  purse.     It  is  also 
It  uncommon  to  find  in  the  same  flower  a  gradual ' 
Tveen    the   stamens    and  petals,   as  ocKva^  woroaS 
mphxacex  and  J^osa  centifoUa  (,Y\g.  2?i&\ 


OTnaa^,J^^J 
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THE  CVN^CEUM    OR   PISTIL. 


I- 
The  Pistil  consists,  in  its  most  perfect  fonn  (Fig.  287),  ( 
three  parts : — the  lowermost  swollen  part,  a  hollow  cavity 
-_^  containing  the  ovules,  is  the  ovary ;  the 
VJ^  middle  slenderer  part  is  the  style;  and  the 
uppermost  usually  thicker  part  is  the  sterna. 
_^^  The  pistil  is  composed  of 

<K^3^fc     nature,  the  carpels;  and  their 
E^^^H^L    number  is  almost  always  indi- 
IpiJ^B^^  cated  by  the  seams  or  sutures. 
I   1  W^j\W  on  the  outside  of  the  ovary. 

I    I  ^^^F  ^  knowledge  may  thus  be  ob- 

U§L  ^^m  tained  of  the   constitution  of 

vW  ^^  the  fruit,  which  is  often  charac- 

%:^'^^^i^.  ^rf'^'^^i^Cteristic  of  whole  families  of 
Kyle,  and  stigma,  paitly  cut  through,  plants.  Thus,  from  the  struc- 
ture of  the  legume  (Fig.  aSff)  it  may  be  concluded  that  it 
consists  of  a  single  carpel ;  while  in  the  same  manner  it  is 
seen  that  the  capsule  of  Colckiatm  {Fig.  289)  is  composed  of 
three  carpels. 

»If  a  suture  faces  the  centre  of  the  flower,  it  is  called  the 
mntral  suture ;  white  one  feeing  the  perianth  is  called  the 
dorsal  suture.  It  is  common  for  the  carpels  of  which  a 
pistil  consists  to  be  coherent  at  the  base  while  distinct  in 
the  upper  part,  and  we  have  then  a  single  ovary  with  several 
styles  or  stigmas,  as  in  the  apple.  As  a  general  rule  the 
style  and  stigma  are  a  prolongation  of  the  mid-rib  of  the 
carpel,  although  exceptions  occur,  as  in  the  Papaveracete. 
Pistils  which  consist  of  a  single  carpel  are  said  to  be  mono- 
tarpellary  [as   in  Leguminosse  and  Primulacere] ;  when  of 

»two   or  more  carpels  bicarpellary,  tn'carpellary,  folycarpel- 
lary,  &c.     [If  the  carpels  of  which  a  pistil  is  composed  are 
more  or  less  completely  welded  together,  it  is  syncarpous 
(Pigs.  jTj,  J20,  323,  326)  ;  if  quite  distinct,  \\.  vi  afotarfous 
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The  style  is  not  an  essential  part  of  the  pistil,  and  is 
therefore  not  unfrequently  wanting,  as  in  the  poppy  (Fig. 
294).  When  present  it  is  usually  placed  at  the  summit  of 
the  ovary,  temtinal,  but  occa- 
sionally springs  from  its  base, 
and  is  then  lateral  or  basilar,  as 


in  the  strawberry  and  Bromus  (Figs.  290,  292), 

The  pur|)ose  of  the  stigma  is  to  serve  for  the  deten.tiQ'^ 
of  the  pollen-grains ;  and  it  is  theidoTC  ■amvct-aaSi-j  -^ibs 
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though  it  varies  greatly  in  form.  It  may  be  capitate  or  button- 
shaped  (Fig.  387)  ;  penicUlate  or  consisting  of  long  slender 
arms  {Fig.  291)  ; plumose  or featkery  {Y\g.  292) ; petaloid a,%\n 
Irii  (Fig,'  293) ;  peltate  or  shield-like  as  in  the  poppy  (Fig. 
294)  ;  filiform  as  in  Luzuki  \  papillose  or 
covered  with  papilla;  (Fig.  295),  &c 

The  interior  of  the  ovary  is  occupied  by  one 
)r  more  cavities  or  lotuli,  [the  walls  which 
separate  them  being  the  sepia  or  dissepiments]. 
Thus  the  ovary  of  Leguminosie  and  Primu- 
lacese  is  unilocular  (Figs.  296,  298) ;  that  of 
Scrophulariacefe  and  most  Cruciferse  biloailar 
!  (Fig,  297);that  of theappley«;«(/(«&f«/ar,&c. 
h  hypogyiii^         Within  the  loculi  of  the  ovary  are  the 
"""■  ovules,  the  bodies  which  ultimately  develope 

1   the  seeds.     They  are  fixed  to   certain  jDarts  of  the 
r  wall  of  the  ovary  termed  I'ae  placentm  ;  and  are  either  sessile 
'~'  ),  or  are  attached  to  the  end  of  a  stalk  o\  funiculus 


T!i£  External  Form  of  Plants. 


HS 


%■  299)-  In  a  few  cases  the  whole  of  the  interior  wall  of 
ovary  or  of  the  locuH  serves  as  a  placenta,  as  in  the 

ippy  ;  or  a  siDgle  placenta  stands  in  the  centre  of  the  uni- 
locular ovary  like  a  column,  as  in  Primulaceas  [when  the 
placentation  is  free  central'\ ;  mote  often  certain  portions  of 
the  inner  walls  of  the  loculi,  corresponding  in  number  to  the 
carpels  and  often  projecting,  bear  tlie  ovules,  and  are  then 


called /ar/rfa/  pi; 
are  attached  to  the 


[as  in  Viola  or  Sites]  ;  [or  the  ovules 
of  all  the  loculi  of  a  tnulti- 
locular  ovary,  as  in  the  apple  or  Iris, 
when  the  placentation  is  axile.]  As  re- 
spects the  mode  of  attachment  of  the 
ovules  to  the  Icculus,  they  may  be  eithei_ 
ercii,  \laleraf\,  ot  pendiiloii 


If  a  section  is  made  through  the  longer  axis  of  an  ovule, 
md  the  surfaces  examined  under  a  magnifying-glass,  it  is 

^seen  that  the  ovnle  consists  of  a  [cellular]  mialhts  (Fig. 
300  0}  enclosed  in  a  single  or  more  usually  in  a  double  coat 
or  integument  {b,  e),  [the  outer  coat  being  designated  the 
primine,  llie  inner  coat  the  seaindittt\.  At  the  apex  of  the 
ovule  is  a  small  orifice  through  the  integuments,  called  the 
micropylc  ox  foramen  ;  [and  in  the  interior  of  the  nucellus 
is  a  large  cell  called  the  embryo-sac\.    VJaV  Te%,M4\.o  'Ot«'S- 

Eform,  ovuhs  way  be  classified  into  three  Vvnis.— 'O^ve.  oviho- 


^ll< 
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iropous  (or  atropous),  in  which  the  ovule  and  nucellus  are 
straight,  and  the  niicropyle  is  exactly  opposite  the  base  of 
the  ovule  (Fig.  300, 1.];  eampyhtropous,  in  which  the  nucellus 
is  curved  so  as  to  bring  the  micropyle  near  the  base  (Fig, 
300,111.)  ;  andffns/TO/CKj,  where  the  ovule  is  itself  inverted  so 
as  also  to  bring  the  micropyle  near  the  base,  but  the  nucellus 

fTemains  straight  (Fig.  300,  11.).  [The  last  is  by  far  the  most 
common  form  of  the  ovule ;  illustrations  of  the  first  are 
afforded  by  PolygonaceK ;  of  the  second  by  Caryophyllacefe. 
The  point  where  the  nucellus  and  integuments  coalesce  is 
called  the  chalaza ;  in  the  anatropous  ovule  this  is  at  the 
opposite  end  to  the  hilum  (the  part  of  the  ovule  which  is  at- 
tached to  the  placenta),  and  is  connected  with  it  by  a  fibro- 
I vascular  bundle,^,  called  the  raphe\. 
THE   FRUIT. 

The  fruit  is  the  result  of  the  development  of  the  ovary ; 

but  is  usually  formed  only  after  the  fertilisation  of  the  ovules, 

and,  when  mature,  encloses  the  seeds  which  have  developed 

from  the  ovules.     Hence  the  product  of  an  inflorescence, 

|.  such  as  a  bunch  of  grapes,  is  not  properly  a  fruit,  but  rather 

I  a  group  of  fruits,  each  separate  berry  or  grape   being   a 

distinct  fruit.     Collections  of  fruits  of  this  kind,  resulting 

from    the    maturity   of  inflorescences,  are 

termed  syncarps  or  multiple  fruits,  and  maybe 

classified  under  racemes,  spikes,  umbels.  Sic 

It  is  also  not  uncommon  for  other  parts  of 

the  flower  besides  the  ovary  to  unite  with  it 

in  the  formation  of  the  so-called  'fruit' ;  and 

such   similitudes   of   true   fruits  are  called 

\  taiv^'ds^ttm.^-P^^'^^'>^°^P^-     '^^^  rose-hip,  for  example,  is 

I  *e^-  a  pseudocarp,  because  it  results  partly  from 

the  development  of  the  calyx-tube,  each  little  '  stone '  which 

is  enclosed  in  it  being  a  mature  ovary.     The  strawberry 

(^'B-  3°^)  's  aJso  of  this  character,  the  succulent  sapid  mass 

being  a  portion  of  the  receptac\e  w\uc\i\\asteaiwve  fleshy, 

the  smail  so-called  'seeds'  wK\c1\  ate  \m\)e.4.4.e.i.TO\\s, 
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•  surface  are  the  actual  fruits.  The  apple  again  is  a  pseudo- 
carp  [here  termed  a/omc],  the  flesh  being  mainly  developed 
out  of  the  calyx-tube,'  which  even  when  in  flower  is  adherent 
to  the  ovary.  In  the  spinach  the  perianth,  in  the  oat  tlie 
glumes,  take  part  in  the  formation  of  the  pseudo- 
carp.  Pseii  do  carps  are  sometimes  formed 
not  of  simple,  but  of  multiple  fruits.  Thus  the 
mulberry  (Fig.  302)  is  a  psmdo-syncarp,  result- 
ing from  the  coalescence  of  the  bracts  with  the 
perianth ;  and  the  same  is  the  case  also  with 
the  pineapple,  the  fig  (Fig.  215,  p.  118),  the  "^ 
breadfruit,  &c.  ^'ipi('"'p;iS; 

Additional  examples  of  the  participation  of  the  calyx  ^^1,5^ 
or  of  the. perianth  in  tiie  production  of  the  fruit  have 
alreniiy  been  adduced  (pp,   126,   134).     Mention  has  yet 
of  the  husk  in  which   the  hazelnut  \%  Eeated,   this  lieing  the  greatlyi 
1.  enla^^ed  perianth  ;   while  on  the  other  hasd' 

the  cup  or  niptde  of    the  oak,    beech, 

:t  chestnut  arises  from  it  cup-shaped  organ 


which  is  formed  only  after  fertilii 
perianth,  and  produces  leaves 


between  the  ovary  and 
margin  (Fig.  303). 


Special  reference  must  be  made  to  the  Conifers,  in  which 
there  is  no  ovary,  but  only  naked  ovules  (Fig.  304),  and 
which  therefore  cannot  form  a  true  fruit.     The  class  to  wtAciv 
thev  belong  are  hence  termed  Gymnospertm  ot  nsVeii  ?,e.e.i£&. 
^H  '  [Or,  as  sume  consider,  of  the  reccp^acVc— t"-\ 


ich  ""^^^ 
ind  1 
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In  observing  a  fruit,  care  must  be  taken  to  dist  nguish 
the  wall  of  the  cavitj  which  encloses  the  seeds,  or 
peruatp,  which  ma)  consist  of  several  lasers  of  a  mem 
branouSj  fleshy,  or  stony  consistence  (Fig  305)  The 
nature  of  the  outermost  layer  or  epuarp  determines  whether 
the  fruit  has  a  smooth 
appearance  like  the 
cherrj,  rough  like  the 
peach  or  spiny  like  the 
thorn  apple  (Fig  310,  p 
150)  The  middle  layer  or 
mesicarp  is  often  fleshy 
or  succulent,  and  is  then 
il  called  the  flesh  or  sar 
arp  [as  in  the  peach 
/  or  cherrj]  The  inner 
.t  la}er  or  indocarp 
IS  often  very  hard,  and 
forms  the  stone  ot  pjtla 
wen  of  stone  fruit ,  it 
encloses  the  cavities  0/ 
the  fruit  which  corre- 
spond to  the  locuh  of 
j^^'o"  the  ovarj,  and  are  still 
endolptnd  termed     ionilt  The 

number  of  these  locuh 
generally  corresponds  to  the  number  in  the  ovary,  although 
one  or  more  not  unfiequently  disappear  in  the  course  of  de- 
velopment. Such  a  disappearance  or  abortion  is  the  rule  in 
the  lime,  in  which  the  ovary  is  originally  quincjuelocular, 
n/jfl/«whereitisbilocular,  [and  the  oak  where  it  is  trilocu- 
lar],  while  in  all  these  cases  the  fruit  is  ultimately  unilocular. 
Fruits  may  be  divided  into  two  primary  classes,  dehiscent 
and  indekiscent  ;  to  the  former  belong  the  capsule  ajid 
}(  scbizocarp ;  to  the  Jatter  the  drupe,  berry,  and  achene. 

V'/ie  azpsuU  bursts  or  dehisces  *'\\ctv  np'^i  ^^^  ^Wq-ss  t1,\e 
'eds  to  fall  out.     If  this  spVilung  uVcs  v^ac'^  '^'^'^  ^'^  ** 
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apex  {Fig.  306),  it  is  said  to  dehisce  by  teeth,  as  in  most 
Caryophyllaceae  ;  the  capsule  of  Lychnis  diurna,  for  example- 
dehisces  by  ten,  that  of  Gilhaga  segetiim  by  five  teelh.  If 
the  dehiscence  takes  place  right  to  the  base  of 
the  capsule  it  is  said  to  be  valvular  or  sulural, 
the  number  of  valves  depending  on  that  of  the 
placentas  or  carpels.  It  is  loculkidal  (Fig.  307 ) 
when  the  walls  of  the  loculi  split  open  so  that 
the  septa  remain  attached  to  the  valves,  as  m 
Ms  or  the  like ;  seplicidal  {Fig.  308),  when,  as 
in  Colchicum,  the  septa  themselves  split  down  ^,'uis*tr~/'^ 
the  middle  and  fall  off  with  the  valves  ;  seftt-  r;^*"  ^^"'^'^ 
Jragal  (Figs.  309,  3 1  o),  when  the  valves  separate  '«'^ 
from  the  septa  and  fall  off  alone,  as  in  Datura.  More  rarely 
the  upper  part  of  the  capsule  becomes  detached  in  the  form 


^^. 


of  a  cap  or  lid,  when  tlie  dehiscence  is  said  to  be  transverse 
or  circumscissile,  [and  the  capsule  is  termed  ^pyxis\  as  in 
Hyoseyamiis  and  AnagalUs  {Figs.  311,  312).  Some  capsules 
again  dehisce  by /orw  (Fig.  313),  as  the  poppy.  Campanula, 
&c.  [when  they  are  i^Tta^A pore-eapsules\.  Capsules  maybe 
unilocular  or  multilocular,  superior  or  inferior,  and  may  have 
free  central,  axile,  or  parietal  placentation. 

Follule  (Figs.  314,  315)  is  the  term  given  to  a  unilocular 
capsule  which  dehisces  only  by  the  ventral  suture.    The 
_  capsule  of  Leguminosse  [which  is  a.V-wa.^s  ^i\AcJC^i^as  ^■ft&- 
\on0carpell3xy,  and  dehisces  by  boih  -veuUEi  ^'^4.  fiicft^a^ 


[ 
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sutures],  is  called  a  legume  (Fig,  316),  tliat  of  CruciferaK 
[which  is  always  bicarpellary,  the  seeds  remaining  attached 


Feg.  313- -Capsule  F.c.  314.— Frukof/Z/m'™ 
by  ports  btnEitfi      ofa'numberor'foUigles, 


P:c.  )ij.— Fniil  of  peony,  consiEiing  otvwo  tul 
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I  (to  a  false  septum  or  repluni]  a  siltqua  [when  much  longer 
1  broad,  when  only  about  as  long  as  broad,  a  silictila 
W^f,  3>7)J 

The  schizoearp  splits  up,  when  ripe,  into  distinct  pieces, 
p  called  vtericarps.  These  lasL  con- 

tain usually  each  a  single  seed, 
and  as  a  rule  remain  dosed,  sel- 
dom opening  to  allow  the  seeds 
to  escape  in  the  manner  of  a 


^psule.     The  splitting  may  be  eiUier  longitudinal  or  trans- 
rse.     In  the  former  case  the  schizoearp  may  split  into 


Wtniocarp\,  the  mericarps 
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remaining  attached  at  their  apex  to  the  filiform  carpophore 
{Fig.  318),  or  in  the  maple  (Fig.  319);    or  it  may  divide 

into  three  as  in  Euphorbia  and  Tropieolum  (Fig.  320)  ;  or 

^H  into  four  as  in  Labiatss  (Fig.  321),  [where  they  are  often 


I 


Us 

called  nucules,  and  the  entire  schizocarp  a  carcertdus\ ;  or 
into  five  as  in  Gtrmiium  (Fig.  322);  or  a  larger  number  as  in 
Malva  (Fig.  323),  A  transverse  splitting  of 
the  schizocarp  at  right  angles  to  the  axis  of 
the  flower  occurs  in  some  Leguminosa  and 
Cruciferas  of  the  suborder  Lomentace;e,  where 
the  fruit  is  called  a  lommtum  (Fig.  324). 
Fig.  ^3,— Muhi-  Passlng to indehiscent fruits: — 'wi'Cazdrupe 
^K^Khizooup  pj.  stone-firuit  the  various  layers  of  which 
the  pericarp  consists  develope  in  a  different 
manner,  the  mesocarp  (sarcocarp)  becoming  softer  and  more 
succulent,  the  endocajp  (putaraen)  harder,  dry  and  woody, 
and  forming  the  stone  which  encloses  the  kernel.  The  con- 
sistency of  the  mesocarp,  however,  differs  greatly;  in  the 
peach,  plum,  and  cherry  (Fig.  325  i.)  it  is  very  soft  and 
succident;  in  the  cocoa-nut  (Fig.  305,  p.  148)  it  is  fibrouss 
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in  the  almond  and  walnut,  dry  and  almost  leathery.  The- 
drupe  usually  contains  a  single  stone,  rarely  more  as  in  the 
medlar,  when  the  separate  sections  of  which  it  is  composed 
are  called  pyrena  ;  it  is  usually  unilocular,  as  in  the  peadl 


lik 
\ 


almond,  and  walnut,  sometimes  bilocular,  as  in  the  comel 
{Fig,  325  11.)  and  coffee-berry. 

In  the  berry  all  the  layers  of  the  pericarp  are  fleshy  and 
succulent,  as  in  the  grape,  currant,  and  gooseberry  {Fig. 
316)  ;  or  the  outer  layers  are  harder,  as  in 
the  citron  and  gourd,  [the  latter  some- 
times called  a  pep6\.  The  apple  is  a  berry- 
like pseudocarp.  ' 

In  the  a<hme  all  the  layers  of  the  peri- 

j  are  dry  and  nearly  similar.  It  almost  j,^ 
[Variably  contains  only  a  single  seed,  « 
and  is  usually  also  from  the  first  uni-  layer  of  tbs  pErianen- 
locuiar  and  with  only  one  ovule,  as  m  iha  seeds  lie  imbedded 
Grasses  and  Composite  {Fig.  327) ;  less  S^ilS'^^bll^fcl^eSji 
frequently  it  becomes  uniloailar  in  the  f^™[i^|''™"* ''**"' 
course  of  development,  by  the  abortion 
of  some  of  the  ovules  and  the  disappearance  of  soma  c^ 
the  loculi,  as  in  the  oak  and  alder.    T'ne  i^eM6.QCK^  cS.*Cwt 


Structural  and  Physiologkal  Botany. 

Biose  contains  several  athenes.  The  fruit  of  the  elm,  ash, 
ijnaple,  &c.{Fig,  319,  p.  151),  known  as  3l  samara,  isanachene 
[or  schizocarp]  with  membra- 
nous appendages  or  wings  [which 
enable  it  to  be  carried  by  the 
wind  through  the  air].' 

THE  SEED. 

The  seed  or  mature  ovule  is 

the  organ  by  means  of  which  tlie 

higher  plants  are  chiefly  propa- 

_  .  .  ,     .  gated.     It  is  connected  with  the 

jrjapvMM.cntJftandcui  placenta  Or  part  of  the  internal 

.^..uahlcnBthwist  (magnified).       '^  -     ^,  .  !_■    1      -. 

wall    of  the  ovary  to  whicli  it 
is  attached  by  a  more  or  less  strongly  developed  stalk  or 
^  Jumaitus  {Fig.  326);  when  this  is  so  short  as  to  appear  to 
be  altogether  absent,  the  seed  is  said  to  be  sessik. 

The  arillus  is  an  appendage  springing  from  the  point  of 
'  AttaclimenC  of  the  seed  to  t)ie  placenta  or  Idlum,   from 


I 


whence  it  rises  up  and  envelopes  it    In  the  ripe  seed  of  the 
^Uow  it  is  split  up  into  long  silky  hairs  j  in  the  nutmeg  it 

I  [The  nut  (Fig.  485,  p.  3S0)  and  glans  (Fig.  303,  p.  147)  are  one- 
•ceded  achenes  teaulling  by  abortion  from  a  trilocular  ovary,  in  which 
the  epicarp  is  more  or  less  lignllied.  The  atryopsi!,  chataclcrislic  of 
Glasses,   is  an  achene   in  which  the  membranous  pericarp   adheres 


.  ..  ,,^ ...J..    ...    ,  . .   .n  ihe  orange,  is  a  mullilocular 

Jxnyin  which  there  is  a.  remarkable  devdopmeW.  of  succuleni  celts 
"c  endocarp, — Ed.J 
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fonns  the  substance  known  in  commerce  as  mace :  ir 
the  yew  {Fig.  jiS),  it  forms  a  drupaceous  pseudo-berry.' 
Appendages  of  other  kinds  to  the  seed  occur  ia  the  fouo 


Fic.  3S9.~ Winged  ite&  olBigilsnin  Catnips. 

of  wings,  as  in  Bignoniaceie  (Fig.  329),  and  Coniferse  {Fig, 
304,  p.  147),  [in  the  latter  case  the  wing  does  not  helong 
to  the  testa,  but  to  the  woody 
scale  to  which  the  seed  is  at- 
tached], or  hairs,  as  in  Pole- 
raoniaccte,  &c.  (Fig.  330). 

The  seed  consists  of  an 
integument  and  a  nucellus,  the 
first  being  formed  from  the 
integuments,  the  last  from  the 
nucellus  of  the  ovule. 

The    integument    consists  ^' 
of  anouterand  an  mner  lajer, 
the  former  bemg  iometimea  tailed  the  testa,  and  tlie  latter 
;he  tegmm.     In  the  walnut  the  outer  layer  is  yellow  and 


I 


[The  term  aril  is,  strictly  speaking,  conflnai  to  a  structure  of  Ibis 
kind  which  springs  fram  the  hilum,  as  in  Fmsifiora,  Taxiis,  Nymphaa, 
t&c.  A  similar  structure,  originaiing  at  or  near  the  micropyle,  as  in 
Euettymus,  Euphorbia,  Polyffila,  &£.,  is  a.  false  aril  or  n/vV/tKit ;  if  from 
Ihe  lesla,  independent  of  the  micropyle  or  tumdc,  as  vo.  ChdViloYriaiMnii. ) 
/7.1/n,  &c,  a  j/m/ii'ii/e  ar  Citni»cle.—¥.Yi.'\ 
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bitter ;  the  inner  layer  thtn  and  white.    The  testa  is  often 
leathery,  cnistaceous,  or  even  stony  [as  jn  the  Brazil-n 
and  is  either  smooth  {Fig.  331),  or  with  pit-like  depressions 
(F'S-  332)- or  covered  with  spines  (Fig,  333),  and  may  t 
white  or  coloured. 

The  nucelltts  of  the  seed  consists  essentially  of  an  ernhr^ 
in  addition  to  which  is  found  in  the  majority  of  seeds  a 
albumen  or  endosperm  (Fig,  333).  Seeds  are  therefore  dis- 
tinguished into  albuminous  and  exalbuminous.  The  embryo 
in  its  simplest  form  (Fig.  334),  as  in  orchids,  Orobanche, 
Monotropa^  and  Cuscuta,  is  a  spherical  body  ; 
but  as  a  rule  consists  of  an  axis  (Figs.  97-99, 
pp.  70,  71)  and  one  or  more  leaves.  The  axis 
is  differentiated  at  its  apex  into  a  plumule, 
distinct  from  the  lower  end  or  radicle.  The 
leaves  of  the  embryo  are  in  most  plants 
very  characteristic,  and  different  in  form 
from  the  foliage-leaves  which  are  subse- 
quently developed,  and  bear  the  name  of 
seed-leaves  or  cotyledons.  They  are  some- 
times thin  and  leaf-lite,  sometimes  thick 
^^'^~{^^Fyrl^.  ^^^  fleshy.  The  green  colour  which  many 
taSfnia'niiiedt"''  cotylcdons  assume  as  soon  as  they  rise 
above  the  ground  after  geimination  is  only 
developed  under  the  influence  of  light;  it  is  not  found 
while  they  are  still  enclosed  in  the  testa.  The  thicker  and 
more  fleshy  cotyledons  which  often  occupy  the  greater  part 
of  the  seed,  as  in  Leguminosfe,  have  scarcely  anything  in 
common  with  the  later  foliage-leaves  of  the  plant,  and 
generally  remain  underground  after  geimination.  Dependent 
■oa  the  number  of  cot)'ledons,  plants  are  divided  primarily 
■into  Dicotyledones  with  two,  Monocotyledons  with  only- 
one,  and  Acotyledones  [flowerless  plants],  without  any.  A 
larger  number  of  cotyledons  than  two  is  rare,  and  is  peculiar 
to   certain  Coniferje   (Fig.    335).      In  a  few  cases,  as  the 
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a  few 


pea  and  bean  (Fig.  98,  p.  70),  the  embryo  c 

other  leaves  besides  the  cotyledons. 

The  relative  position  of  the  different  parts  of  ihe  embryo 

requires  special  notice.    The  most  common  arrangement  is 

that  found  in  Crucifera;, 
*  where     the     embryo     is 

plairorhizat,     the     cotyle- 
dons   lying  flat  one  upon 

another,  and  the  radicle 
,  upon  the  line  which  sepa- 
b  rates  them  {Fig.  336), 
I  In  the  notorhizal  embryo 
r  (Fig.  337),  the  radicle  lies 

upon  the  back  of  one  ofthe 

cotyledons,  which  again  he 

flat  one  upon  another.    The  Fig.  33^.— ei 

embryo  is  orthoplosic  (Fig.     ^^^iiK^^tSS 

338)  when  the  radicle  lies    '"''"'p'^' 

in    the  hollow  channel  of 

the  folded  cotyledons.     In  the  spiral  embryo  (Fig.    339), 


T-..., 


nl  (mognified). 


H,  338.— Seed  of  Enm  sntiiin  :  I.,  en 
he  qrthoploiic  cmiiijo  (mignified). 

khe  cotyledons  are  laid  flat  upon  one  anotjier  and  coiled 
Pspirally.     Occasionally  the  embr^'o  is  dovM-j  s\i\\A. 
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The  position  of  the  embrjo  m  the  endospemi  also  varies 
in  ditferent  plants  It  sometimes  lies  in  the  middle  of  the 
endosperm  when  the  latter  is  said  to  be  peripheric  (Fig. 
'   340),  as  in  Ins,  sometimes  outside  it,  when  it  is  said  to  be 


opposite  the  lateral  endosperm  (Fig  341) ;  or  peripheric 
and  the  endosperm  central  {Fig  342)  The  texture  of  the 
endosperm  also  variLS  greatly     m  the  cereal  grasses  it  is 

Ifannaceoiis  or  stirchv  m  the  coffee  berry  cartilaginous,  in 
tfie  vegetable  ivory,  Phytelcphas,  hard  and  white  like  ivory. 


CHAPTER   V. 

THE   LIFE   OF  THE   PLANT. 


The  life  of  a  plant  is  in  general  apparently  much  more 
simple  than  that  of  an  animal.  Its  vital  phenomena  are, 
however,  in  both  cases,  the  result  of  the  concurrence  of  two 
factors— its  internal  structure  with  the  faculties  belonging  to 
and  its  external  e 


^^ses 


The  ihKury  is  founded  on  a  number  of  delicnte  expErimeats  which 
cannol  here  be  described,  ihal  all  orgnnised  parts  of  plants  consist  of 
minute,  solid,  and  crystalline  particles  called  mcleculis  or  mictlla, 
which  cannot,  however,  be  distioguished  by  the  most  powerful  lenses. 
This  hypqlhesis  does  noi  assume  that  the  molecules  must  always  be 
sp/ierical ;  ihey  are  often,  on  the  contrary,  supposed  to  have  a  crystal- 
structure.      The  adjacent  molecules  aic  not  iin.\Vc4  bj  stv^  snlid 
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connection,   hut   are  isolated  one  (r  m  h  d 

the  solid  condition  of  a  body  is  iha  ts  m  1  1  h  a  mutual  attrac- 
tion for  one  another  ;  and  the  slro  g  th  i,  the  more  film 
and  solid  is  the  body  which  tliey  mpo  E  ry  molecule  is  in  its 
natural  slate  surrounded  by  a  layer  f  w  ,  th  I  they  are  com- 
pletely separated  from  one  another  oa  all  sides.  Within  certain  limits 
a  portion  of  their  watery  contents  can  be  removed  from  organised 
structures,  oi  ihey  can  take  up  fresh  quautities,  without  being  thereby 
destroyed  or  killed.  Loss  of  water  or  desiccation  causes  a  contraction, 
the  absorption  of  water  an  increase  or  swelling  of  Ihe  body.  The 
molecules  of  ooe  and  the  same  organised  body  separated  by  envelopes  of 
water  always  differ  chemically,  so  that  molecules  of  a  different  chemical 
nature  are  found  in  the  midst  of  and  beside  one  another  at  every 
point  that  can  be  perceived  by  the  microscope. 


THE  MOVEMENT   OF  WATER   IN  PLANTS. 


It  follows  as  a  necessary  consequence  from  the  structure 
of  organised  bodies,  that  life  is  impossible  in  the  most 
minute  particles  of  the  plant  without  access  of  water.  The 
plant  also  requires  water  for  the  formation  of  oiganic  sub- 
stances out  of  the  inorganic  food- materials  which  it  takes 
up,  and  furthermore,  for  the  solution  of  solid  substances 
stored  up  in  it,  the  reserve-materials,  which  must  be  dis- 
solved and  transported  to  other  places,  where  they  are  con- 
sumed, In  addition  to  this  the  leaves  lose  in  a  short  time 
a  considerable  portion  of  the  water  of  their  cell-sap  by 
evaporation,  In  order  to  meet  al!  these  requirements,  it  is 
necessary  that  continuous  currents  of  water  should  pass 
through  the  plant,  and  should  be  directed  towards  those 
parts  where  the  plant  requires  it.  The  water,  therefore, 
which  is  sucked  up  by  the  root-hairs  flows  through  the  roots 
like  a  system  of  rivulets,  combining  into  larger  streams  or 
into  a  single  current ;  and  these  then  again  ramify  like  the 
stem,  and  distribute  themselves  to  the  most  dehcate  parts 
of  the  leaves,  where  the  water  again  disappears  in  the  form 
^%  vapour,  by  transpiration.    It  has  be.cti  aa«s\»roK,?i  "&^ 
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in  actively  growing  plants  the  quaotit>'  of  water  ihus  absorbed 
often  amounts  in  a  few  daj-s  to  many  tiraes  the  weight 
and  volume  of  the  whole  plant.  In  true  woody  trees  and 
shrubs,  belonging  lo  the  Dicotyledons  and  Conifers,  the 
less  lignified  portion  of  the  alburnum  serves  especially  as 
the  conduit  for  this 
powerful  stream ;  in 
Monocotjledons,  tree- 
ferns,  and  many  herb- 
aceous Dicotyledons, 
the  woody  parts  of  the 
vascular  bundles.  But 
the  current  is  not  con- 
fined to  these  parts, 
occurring  also,  though 
less  actively,  in  the 
unlignified  tissues,  and 
in  the  substance  of  the 
cell-wall  itself.  The 
chief  causes  of  these 
great  movements  of 
water  are  :  capillarityi 
and  difFusion  oz  osmose. 
Acting  in  conjunctJon 
with  this  force  is   the 

t^^^^^^^^^^^B^^^F  root  •  pressure.        The 

Pic.  mj.— AmiMnj  for  measiiriis  the  rmi-  roots  absorb  a  greater 
!:;SX°'i.™"|^™T^*pl^.';  ^^  quantity  of  water  than 
in  »  pot,  tlK  lop  havmg  bMIi  cul  off.  The  ,!,„  nl-nl-  i-pniiii-oc  . 
difference  in  lh=  hdghl  of  Ihe  memiry  in  ^"^  ^\aX\X.  requires  , 
the^  wo  .mds^*  md^c^ijrfi™^^ft=  b.™a<y  ^^  jhig^  therefore, 
by  the  tools  ii  lorccd  out  at  thii  cut  seOion.  exetcises      a      JirCSSUrC 

which  drives  the  water 
that  has  been  already  absorbed  higher  and  higher  up  the 
stem  ;  and  often,  as  in  Grasses,  Aroidefe,  &c.,  even  causes 
it  to  exude  in  drops  at  the  margins  and  tips  of  the  leaves. 
^^^xpenmcnts  on  the  intensity  oC  tbe  looVtiessaie^-^rEorraed 
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by  cutting  off  the  upper  part  of  the  stem,  and  attaching  a 
manometer  to  the  section,  show  that  it  is  sufficiently  powerful 
to  balance  a  column  of  water  more  than  ten  metres  in 
_  height  (Fig.  343). 

I  The  organs  of  Iranspimtion  are  the  leaves,  which  allow  of  the  escape 
through  Iheir  stomata  of  the  aqueous  vapour  that  hag  accumulated  in 
the  intercellular  spaces.  The  amount  of  Iranspiralion  depends  on  the 
moislure  of  the  air,  on  the  inlensity  of  light,  on  the  lemperatuce,  on 
concussions  to  which  the  plant  is  subject,  and  on  the  age  and  size 
of  the  leaves.     It  has  not  yet  been  ascertained  how  all  these  forces 

_.|Wt;  observation  has  nevertheless  shown  that  the  stomata  are  closed 

I  Ct  night  and  open  in  the  day-time  under  favourable  cite um stances,  i.t. 

t_When  ihe  atmosphere  is  not  too  moisl,  and  under  the  influence  of  light 
'and  waimlh. 

If  the  loss  of  water  by  transpiration  from  the  leaves  is  greater  than 
Ihe  quantity  supplied  by  Ihe  roots,  the  conducting  parts  become  fir^t  of 
all  deticient  in  it ;  and  when  at  length  the  evaporalioD  from  Ihe  more 
delicate  organs  can  no  longer  be  compensated,  ihey  lose  their  stiflhess 
and  hong  down  from  their  own  we^ht,  or  in  other  words  wither.  This 
condition  is  caused  at  an  earlier  period  in  herbaceous  plants  than  in  succu- 
lent plants  or  trees  which  possess  large  reservoirs  of  water  in  their  stems. 
[The  fluid  which  is  contained  in  the  alburnum  of  Dicotyledons  is  of  a 
watery  character,  containing  dextrine  and  sugar,  but  not  starch,  chloro- 
phyll, or  any  colouring  matter.  It  ma;  also  contain  matlei^  dissolved 
out  in  its  course  through  the  tissues,  as  well  as  mineral  sails  absorbed 
by  the  roots.  This  fluid  is  called  irude  sap,  and  occurs  in  special 
abundance  in  the  spring.  At  this  season  it  flows  freely  out  from  ij 
sioDS  made  in  the  bark,  as  in  Ihe  process  known  as  the  '  bleeding 
of  vines,  &c  In  the  leaves  this  etude  sap  becomes  convened 
eiaiaraled  sap,  which,  in  its  descending  current,  produces  Ihe 
and  other  formative  tissues.] 


ASSIMILATION  AND   METASTASIS. 


ding* 

I  into   ^^^1 


The  life  of  the  plant  is  associated  with  a  continual  con- 
ption  of  plastic  substances,  which  are  of  service  to  it 
as  formative  materials  for  the  grovrth  of  cells  already  in 
existence,  and  for  the  production  of  new  ones.  A  number 
of  the  sources  of  force  in  the  plant  are  being  coutvwiaSv^VfiS- 
tiirough  these  processes,  because  man^  ot  \.\v.e^t  ^oivi-vaSw: 
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substances  then  cease  to  exercise  their  chemical  influence  on 
one  another.  If  the  plant  is  not  to  perish  from  the  deiiLtency 
thus  occasioned  offormative  materials  and  of  sources  of  force, 
or,  as  it  were,  to  be  Starved,  it  must  be  supplied  with  nutrient 
substances,  />.  with  chemical  compounds  which  contain  the 
substances  that  it  requires.  Only  in  comparatively  few  cases 
is  a  chemical  compound  absorbed  into  the  plant  which  wijl 
be  useful  to  it  without  change ;  as  anile,  it  is  only  the  separate 
elements  which  are  indispensable,  and  are  on  that  account 
taken  up  out  of  their  compounds.  Those  elements  which 
are  indispensable  for  the  entire  processes  of  vegetation  are 
called  the  nutrient  substances  of  the  plant. 

If  we  pass  in  review  the  elements  which  play  this  part 
in  the  vegetable  kingdom,  we  find  that  the  list  comprises 
cation,  oxygen,  nitrogen,  hydrogen,  and  sulphur,  because  these 
enter  into  the  composition  of  protoplasm,  and  are  conse- 
quently necessary  for  the  formation  of  every  vegetable  celL 
To  them  must  also  be  added  iron,  calcium,  potassium,  magne- 
sium, and  phosphorus,  because  no  instance  is  at  present 
known  of  a  plant  retaining  its  normal  state  of  health  if  de- 
prived of  any  one  of  these  elements.  Sodium  and  chlorine 
must  also  probably  be  included.  In  addition  to  these  uni- 
versally distributed  nutrient  materials,  the  growth  of  some 
plants  is  also  dependent  on  the  presence  of  otlier  special 
elements  ;  although  we  have  no  exact  knowledge  of  the 
part  which  they  play,  and  are  unable  to  state  positively  that 
they  are  indispensable.  Thus  Viola  calaminaria  and  some 
other  plants  always  contain  zinc,  and  will  only  grow  on 
soil  which  contains  that  element, 
1  The  organ  by  means  of  which  the  nutrient  substances 
L  are  taken  up  is,  in  the  lower  plants,  the  entire  surface ;  in 
p  the  higher  plants  this  function  is  specially  assigned  to 
the  root,  which  is  constructed  for  this  purpose,  la 
the  case  of  roots  which  penetrate  into  tlie  soil,  only  the 
_j'oun^est  parts,  with  their  delicate  root-hairs  and  papiilse, 
can  perform  this  function  ;  but  in  the  aerial  TOOts  of  some 
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plants,  which  are  provided  with  a  great  number  of  hairs 
■with  a  root-sheath,  the  whole  surface  of  the  root  appears  to 
possess  the  power  of  absorbing  nutrient  substances  in  the 
form  of  vapour. 

In  addition  to  the  roots,  the  higher  plants  possess  also 
in  the  leaves  organs  which  are  adapted  for  the  absorption  of 
nutrient  substances  in  a  gaseous  condition.  But  experimental 
observation  has  shown  that  the  leaves,  under  ordinary  cir- 
cumstances, do  not  absorb  fluid  nutriment,  either  in  the 
form  of  drops  or  of  vapour,  so  as  to  carry  it  to  the  other 
parts  of  the  plant 

Since  the  nutrient  substances  must  pass  through  the 
closed  walls  of  the  cells  in  order  to  reach  their  interior,  it 
follows  that  they  must  be  present  in  a  dissolved  fluid  or 
gaseous  form.  They  are  then  received  into  the  cells 
adapted  for  this  purpose  by  means  of  osmose;  since  there 
are  in  general  twn  fluids,  the  cell-sap  and  the  water  ab- 
sorbed from  the  soil,  capable  of  mixing  with  one  another,  and 
separated  only  by  the  permeable  cell-wall.  The  absorption 
of  nutriment  is,  therefore,  only  a  mixing  of  two  fluids  of 
different  densities. 

The  tenns  osmmc,  dwsmosc,  and  diffuiian  have  been  given  to  the 
mingling  of  fluids  through  a  permeable  pfutition-wall,  i.i.  one  wliich 
has  no  visible  perforations.  If,  for  example,  a  vessel  closed  below  by 
an  an[mal  membrane  {Fig.  344  6)  is  filled  with  a  concentrated  solution 
of  cupric  sulphate  (blue  vitriol),  and  is  then  iramerfed  in  a  vessel  filled 
with  water  (n),  the  water  will  pass  gradually  through  the  bladder  into 
the  vessel  4,  and  the  fluid  will  rise  in  a  tube  r  attached  to  it,  while  the 
level  at  n  falli,  If,  on  the  contrary,  the  cupric  sulphate  were  placed 
outside,  and  the  water  within  the  vessel  b,  tlie  fluid  would  fall  in  the 
tube  r,  while  the  level  n  would  rise.  In  both  coses  a  small  quantity  of 
llie  cupric  sulphate  also  passes  through  the  bladder  into  the  water,  as 
may  be  seen  by  its  colouration,  but  a  verymuch  larger  quantity  of  water 
passes  the  other  way.  The  process  will  continue  until  the  two  fluids 
on  each  ade  of  the  bladder  have  become  homogeneous.  The  cause  of 
the  increase  of  the  fluid  on  one  side,  and  the  decrease  on  the  other  side 
of  the  bladder,  is  thai  the  water  passes  mote  easily  through  it.  llvM\ 
^.aolution  of  cupric  sulphate  does,    But  in  olhe<  cases  a.  \erj  araais 
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inletchaoge  of  ihe  two  fluids  may  take  place  without  its  being  percep- 


:.  when  they  are  of  the  same  colour  and  pass  through  the  paiti- 
n-wall  in  equal  quantities.  When  two  fluids  are  capable  of  diffiision— 
which  is  not  always  the  Case— a  greatei  quantity 
of  the  less  concentrated  ot  lighter  fluid  nsoally- 
passes  through  than  of  the  more  concentrated 
ot  denser.  Cell-walls  acl  in  the  plant  exactly' 
like  an  animal  bladder  in  the  instance  adduced. 
In  the  process  just  described,  the  current  which 
passes  into  an  enclosed  space  such  as  a  cell  is 
lenned  an  eadosmolic,  that  which  passes  in  an 
opposite  direction  an  aosiiiolk  current. 


t  Since  the  cell-sap  is  much  richer  in 

Lm  substances  which  cause  osmose  [or  is 

^^1  of  a  greater  specific  gravity]  than  the 

^^■a  moisture  of  the  soil,  which  contains  in 

^^^H  solution  oniy  a  small  quantity  of  salts, 

I^^^H  gases,  &c.,  a  considerable  endosniotic 

I^^^H  current    is    set    up  of  the    absorbed 

II^^H  moisture    into   the   cell,  while   only  a 

^^^9^^^^_^  very  small  quantity  of  the  cell-sap  passes 
^BBBBB^^K  out  into  the  ground.  This  last  process 
^"■.,?**-~^??"?f  l"  ^^'  however,  nothing  in  common  with 
the  elimination  of  products  of  excre- 
tion which  takes  place  in  animals ;  its 
purpose  is  rather  to  render  soluble 
the  insoluble  constituents  of  the  soil, 
and  thus  to  enable  the  plant  to  absorb 
Ii^'in"ihe'i'ube"r  in  em"  them  in  the  water  which  it  takes  up, 
i,  bot  will  fall  u  »  in  The  membranes  of  the  apices  of  root- 
t  e  outer  veiM ,  j^^j^.^  ^j-  p]^j,[g  which  are  still  in  active 

growth  are  so  delicate  that,  in  obedience  to  the  force  of 
gravitation,  they  come  into  intimate  contact  with  all  the 
unevennesses  of  the  adjacent  solid  particles,  and  afterwards, 
by  the  hardening  of  the  membrane,  actually  unite  with  them 
CFig.  34s).    And  since  experiment  has  shown  that  the  cell-sap 


sulphate    doKd 
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^xs  almost  always  acid,  its  passage  into  the  giQMT^d  causes  the 
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particles  of  soil  with  which  the  root-hairs  have  united  to 
be  gradually  dissolved  at  the  points  of  union,  so  that  they 
can  then  be  taken  up  into  the  plant. 

[With  regard  to  plants  growing  in 
the  soil,  the  nutrient  power  of  the 
roots  is  greatly  increased  by  the  sin- 
gular  property  of  the  draimnutatioH  of 
the  rootlets,  discovered  by  Darwin,  by 
means  of  which  their  tips  are  constantly 
brought  into  contact  with  fresh  particles 
of  soil.] 

The  mode  of  nutrition  oK parasites  is 
different  from  this.  The  roots  of  the 
more  highly  organised  parasites,  such 
as  the  mistletoe  and  the  broom-rape, 
Orobancke-i  penetrate  into  another  plant 
■which  is  termed  their  host  (Fig,  346), 
and  take  up  from  it  nutrient  substances  ™'%  ™''Mnaikr' ro«- 
■which  have  already  been  to  a  certain       ''aira.(x  eoo.) 

[tfsteat  assimilated.  The  lower  parasites,  such  as  certain 
"ungi,  on  the  other  hand,  pierce  by  their  cells  the  mem- 
,nes  of  other  cells,  in  order  to  live  in  and  on  them 
(Fig.  347).  The  mode  of  absorption  of  food-material  and 
of  the  nutrition  of  saprophytes  [or  plants  which  live  on 
decaying  organic   substances],  such   as  Moiwtropa    Hypo- 

Jiitys  and  certain  OrchidcEe,  is  still  in  doubt.  The  cliarat- 
teristic  of  these  plants  is  that  their  absorptive  organs  take 
up  certain  products  of  the  decomposition  of  organic  sub- 
stances, termed  humus,  and  bring  them  again  into  requisition 
for  nutrition,  after  undergoing  some  change. 

Plants  do  not  absorb  tlie  nutrient  substances  which  are 
adapted  to  them  unless  presented  to  them  in  a  suitable  form ; 
they  do  not  for  example,  imbibe  the  free  nitrogen  of  the 
atmosphere.  Experiments,  into  the  details  of  which  we  cannot 
enter,  have  given  on  this  point  the  following  results  ■, — 

'      The  source  of  the  carbon  in  those  ^iVa^ts  ^\C\On.  co'wiaisi- 
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dilorophyll,  and  which  are  not  parasitic,  is  mainly,  if  not 
exclusively,  the  absorption  of  carbon  dioxide  (carbonic 
acid  gas)  by  those  parts  which  contain  chlorophyU,  and  its 
decomposition  under  the  influence  of  light,  the  carbon 
being  retained  and  the  oxygen  again  given  off.  It  is  in- 
disputable that  in  certain  cases  the  liumns  can  also  con- 
tribute a  supply  of  carbon  for  the  nutrition  of  the  plant ; 
but  tlie  fact  that  in  a  soil  which  has  not  been  affected  by 
cultivation,  as  in  a  primeval  forest,  the  stratum  of  humus 
does  not  diminish,  but  rather  constantly  increases,  notwith- 
standing its  continual  decay  and  its  consumption  by  plants 
and  animals,  shows  that  a  much  greater  quantity  of  carbon 
must  be  derived  from  the  atmosphere  than  from  the  soil. 

Hydrogen,  which,  like  carbon,  is  present  in  every  organic 
compound,  enters  into  non -nitrogenous  combinations  only 
through  the  decomposition  of  water ;  in  those  which  con- 
tain nitrogen  possibly  also  by  the  absorption  of  ammonia. 

Oxygen  is  taken  up  into  plants  along  with  the  elements 
already  mentioned,  the  substances  in  which  they  occur 
being  of  such  a  nature  that  a  large  portion  of  their  oxygen 
must  be  given  off  before  they  can  be  of  any  further  use  to 
the  plant.  The  decomposition  of  the  carbon  dioxide  of 
the  atmosphere  is  a  remarkable  illustration  of  this.  But,  not- 
withstanding this  excess  of  oxygen  in  the  plant,  the  oxygen 
of  the  atmospiiere  is  also  absorbed;  not,  however,  in  order 
lo  form  a  part  of  any  permanent  compound,  but,  on  the  con- 
trary, in  order  to  decompose  the  substances  contained  in  the 
plant,  to  deprive  them  of  at  least  a  part  of  their  carbon,  and 
to  be  again  evolved  as  carbon  dioxide.  This  process,  the 
true  respiration  of  plants,  is  very  important ;  since  it  is 
always  taking  place  in  all  living  cells  without  exception ; 
and  the  aciion  of  the  inhaled  oxygen  is  a  necessary  con- 
dition of  the  life  of  the  protoplasm,  and  therefore  of  the 
plant.  In  relation  to  this,  the  e.vperimental  fact  is  of  the 
greatest  importance,  that  plants  placed  in  pure  carbon  di- 
ide  are  suffocated,  Just  as  anim&.\a  aie.    \n.  SQ«\e  ^vq-wc^ 
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and  mflorescences,  the  production  of  carbon  dioxide  by  the 
inhalation  of  oxygen  is  very  energetic;  and  since  the  radia- 
tion of  the  heat  produced  by  the  oxidation  is  in  these  cases 
insignificant,  from  the  surface  being  comparatively  small 
or  the  parts  protected  by  enveloping  sheatlis,  very  con- 
siderable elevations  of  temperature  can  be  observed.  At 
the  time  of  the  fertilisation  of  the  spadices  of  Aroidese,  an 
elevation  of  temperature  amounting  to  as  much  as  lo"  C. 
has  been  detected  ;  and  in  the  flowers  of  CucurbitaceE  and 
of  Victoria  regia  similar  elevations  have  been  observed, 
though  10  a  smaller  extent.  Respiration  is  a  process  dia- 
metrically opposite  to  the  process  of  assimilation  which  lakes 
place  in  the  cells  that  contain  chlorophyll,  and  which  con- 
sists in  the  absorption  and  subsequent  decomposition  of 
carbon  dioxide,  although  this  latter  has  also  been  described 
under  the  same  name,  a  use  of  terms  as  incorrect  as  if  we 
were  to  speak  of  an  animal  inhaling  its  food. 

The  free  nitrogen  of  the  atmosphere  enters  the  plant 
through  the  stomata,  and  also  by  the  process  of  osmose,  but 
does  not  serve  for  nutrition  ;  for  the  purpose  of  nutrition  this 
element  must  be  presented  to  the  plant  in  the  form  of  nitric 
acid  or  of  an  ammoniacal  salt.  Whether  non-parasitic 
plants  absorb  nitrogen  also  in  the  form  of  certain  o^anic 
compounds  is  still  undetermined. 

The  only  conceivable  source  of  sulphur  is  the  sulphuric 
acid  of  the  sulphates  present  in  the  soiL  It  probably  enters 
the  plant  oidy  in  the  form  of  calcium  sulphate,  which  is  de- 
composed by  the  oxalic  acid  formed  in  the  plant  itself;  this 
being  the  source,  on  the  one  hand,  of  the  calcium  oxalate, 
which  so  commonly  occurs  in  plants  [in  thefoim  ofraphides], 
while  on  the  other  hand  the  sulphuric  acid  gives  up  its  sulphur 
in  the  production  of  protoplasm  and  generally  of  albuminoids^ 

It  is  evident  that  the  remaining  nutrient  substances  can 

only  enter  the  plant  by  the  process  of  diffusion,  and   in 

general  in  the  form  of  soluble  salts ;  but  their  relations  to 

^^   ifitfAJfeo/ i^e/i/ajjl  are  Still  obscure.    Withregard  lo  iron 
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we  can  form  some  judgment,  since  we  know  that  its  pre- 
sence is  necessary  for  the  production  of  chlorophyll.  Plants 
which  grow  in  soil  destitute  of  iron  do  not  become  green, 
ibut  remain  bleached  or  etiolated  until  enabled  to  do  so  by 

■  tiie  addition  of  iron  to  the  soil;  though  it  is  doubtful  whether 
'itJilorophyll  contains  iron  as  one  of  its  essential  ingredients. 

Since  etiolated  plants,  owing  to  the  absence  of  chlorophyll, 
are  unable  to  absorb  carbon  dioxide,  they  can  live  only  for 
a  short  time,  and  soon  perish.  The  salts  of  iron  present  in 
the  soil  afford  the  necessary  supply  of  this  element  for 
vegetation.  Phosphoric  acid  appears  to  stand  in  a  certain 
relation  to  the  production  of  albuminoids,  or  at  least,  is  in- 
variably found  in  association  with  them  ;  and  in  many  seeds 
there  is  a  constant  relationship  between  the  weight  of  the 
phosphoric  acid  and  that  of  the  nitrogen  contained  in  them, 
"With  respect  to  potassium,  similar  general  relationships  to 
starch,  sugar,  and  cellulose  are  not  improbable ;  and  it 
is  known  that  the  amount  of  potassium  in  any  part 
of  a  plant  varies  with  the  rapidity  and  energy  of  its  growth. 
But  in  what  form  phosphoric  acid  and  potassium 
enter  the  plant,  and  what  their  special  functions  are,  k 
still  unknown.  Silicic  acid,  which  constitutes  the  greater 
part  of  the  ash  in  many  plants,  as,  for  instance,  the  stems  of 
cereals,  cannot  be  considered  a  nutrient  substance  in  the 
same  sense  as  those  already  described  ;  since  it  has  been 
proved  by  experiment  that  it  is  not  absolutely  necessary  to 
the  growth  of  these  plants,  and  its  presence  appears  to  be 
only  a  favourable  condition  to  their  perfect  development. 
Iodine  is  taken  out  of  the  sea-water  by  marine  plants. 

[The  remarkable  phenomena  connected  with  Camivarous 
Plants  have  only  recently  been  fully  investigated.  Afew  plants 
belonging  to  widely  separated  natural  orders,  the  best  known 
of  which  are  Drostra,  Dionaa,  Pinguicula,  Nepentltes,  and 
Sarraceiiia,  have  the  remarkable  power  of  absorbing  through 
their  leaves  substances  containing  nitrogen,  by  a  process  of 
true  digestion,  precisely  analogous  to  t\\e  6,\^ea;\oTi.  ol  motw^^s^ 
y</ue  to  lAe  presence  of  a  ferment  \dei\t\ca.\vj\ftv-^tt-^'m.-  "^"^^ 
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singular  movements  of  some  organs  connected  with  this  pro- 
cess will  be  referred  to  hereafter  :  they  afford  in  some  cases 
an  extraordinarily  delicate  test  for  the  presence  of  nitrogen. 
The  phenomenon  is  accompanied  by  remarkable  changes  in 
the  form  and  appearance  of  the  protoplasm -body  in  the  cells 
contiguous  to  those  which  are  directly  concerned  in  the 
absorption  of  the  nutrient  matter.] 

If  plants  are  grown  in  fluids  which  contain  all  the  sub- 
stances necessary  for  their  life,  it  is  found  that  these  sub- 
^^^    stances  are  not  taken  up  in  quantities   dependent  on  the 
^^K   concentration  of  the  fluid,  nor  on  the  proportion  of  the 
^^H  various  substances  contained  in  it  ;  but  that  different  species 
^^r  of  plants,  on  the   contrary,   supply  their   needs    from   the 
same  fluid  in  different  ways.     In  consequence  of  this  phe- 
nomenon, which  depends  on  causes  at  present   unknown, 
a   quantitative    '  selective    power '   has    been    ascribed    tO' 
plants.     With    reference  to   the    peculiarity   that^setting 
aside  nitrogenous  food-materials — different  species  take  up 
in  preference  different  nutrient  substances,  plants  may  be 

I  distinguished  as  calcareous,  alkaline,  siliceous,  &c.  Legu- 
ininosas,  for  example,  are  specially  dependent  on  lime,  pota- 
toes and  turnips  on  potash,  all  plants  in  which  the  seed 
is  remarkably  developed  on  phosphoric  acid,  cereals  and 
.grasses  generally  on  silica,  &c. 
The  cultivation  of  crops  withdraws  from  the  soil  immense  qcantities 
of  substunces ;  so  [hat  sooner  or  later  the  moment  mast  arrive  when  the 
produce  will  diniioish,  and  at  length  altogether  cease,  unless  those 
constituents  of  the  soil  which  the  crops  have  withdrawn  from  it  be 
replaced.  The  object  of  the  agriculturist  must  therefore  be  so  to 
work  his  ground  llmt  the  soil  never  becomes  exhausted,  but  that  he 
shall  constantly  obtain  abundant  crops  and  an  adequate  interest  on  his 
cupitol,  the  soil.  There  are  two  modes  of  securing  this  :  by  a  carefully 
selected  socceKsion  of  dilferent  crops,  and  by  manures.  He  must  of 
course  in  addition  depend  on  a  suitable  mechanical  working,  loosen- 
ing, and  irrigating  of  the  ground. 

In  consequence  of  the  selective  power  of  plants,  a  succession  of  a 

ntimbet  of  crops  of  an  alkaline  plant  causeEi  the  soil  to  become  for  a 

^^    ttaie — and  at  length   when  all  the  alk&Wes  \»ave  WeTi  consumed ,  per- 
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maileiitl;— unproductive  for  plants  of  this  description.  But  while  the 
alkaline  plant  has  the  power  of  withdrawing  nn  unusual  proporii 
alkalies  from  the  soil,  it  leaves  atl  the  other  nutrient  substances 
paralively  untouched.  These  substances  theiefore  accumulate  in  the 
soil,  the  small  consumption  of  them  being  outweighed  by  the  del 
posing  influence  of  the  atmosphere,  which  is  constantly  reducing 
soluble  condition  small  quantities  of  soil,  and  thus  rendering  their 
stituents  available  for  nutrition.  The  substances  which  are  thus  made 
avaiUHe  for  the  plant  are  retained  by  fertile  soils,  and  thus  t 
tion  by  rain,  &c.  ensured  for  at  least  a  sufficient  time  for  the  whole  of 
ihe  soil  to  become  completely  saturoled  by  them.  It  is,  tlierefoi 
essential  to  good  agriculture  that  the  crop  of  the  alkaline  plant 
sbould  be  followed  by  one  of  another  kind,  say  a  siliceous  plant ;  and 
thus  a  well-chosen  succession  of  different  crops  will  remove  from  the 
soil  one  substance  alter  ctnother.  This  ralation  must  be  continued 
until  the  substances  first  withdrawn  are  restored  in  such  proportion  and 
distribution  that  the  same  series  of  crops  may  again  be  grown.  In 
former  times  the  influence  of  the  atmosphere  on  the  soil  was  utilised 
l>y  cultivating  only  a  portion  of  the  soil,  the  rest  being  left  untitled  or 
pillow;  but  it  is  now  acknowledged  that  this  mode  of  agriculture  is  not 
Bonomica!.  In  those  districts  where  it  pays  to  cultivate  Urge  tracts  of 
o  considerable  portion  is  now  left  fallow  ;  but  the  object  is,  by 
n  of  crops,  to  use  up  as  equally  as  possible  all  the  con- 
of  the  soil.  Even  under  Ihe  best  system  of  agriculture,  how- 
e  soil  must  become  grailually  exhausted,  anii  this  exhaustion 
:  artificially  counteracted.  This  purpose  is  eflecled  by  a 
iclenlific  system  of  manuring,  by  which  those  substances  are  supplied 
to  the  soil  of  which  it  has  most  need.  According  to  circumstances  the 
most  various  oi^nic  and  inorganic  substances  may  be  employed  as 
manures.  If,  for  example,  there  is  a  deficiency  of  nitrogenous  sub- 
stances, an  addition  of  nitrates  or  guano  is  made.  We  cannot  here 
enter  further  on  the  physical  changes  in  the  constitution  of  the  soil, 
often  so  advantageous  or  even  indispensable  to  v^etation,  caused  hy 
the  rotation  of  crops  and  by  manuring.  Care  must  on  the  other  hand 
be  taken  not  to  impart  to  (he  soil  such  substances  as  are  injurious  to 
vegetation.  Manuring  with  chlorides  such  as  sodium  chloride  (common 
sail),  for  example,  while  increasing  the  weight  of  root-crops,  has  a 
decidedly  injurious  effect  on  their  quality. 

The  nutrient  substances  talten  up  by  plants  are,  how- 
ever, by  no  means  adapted,  in  the  raw  state,  to  taku  part  tm 
_-,tbe  construction  of  any  vegetable  Sli\ic\.MTe&  ■,  "iIrc^  Twisii-, 


i: 


%y3  Siruclural  and  Physiological  Botany. 

the  contrary,  undergo  important  transformations,  and  be- 
■come  changed  into  organic  compounds  suitable  for  nutrition. 
This  process  of  assimilation  may  be  compared  to  the 
■digestion  of  food  by  animals,  i.e.  to  its  conversion  inlo 
blood  ;  but  still  differs  greatly  from  that  process,  since  the 
animal  takes  up  organic  compounds  already  existing  as  such, 
which  have  only  to  undergo  change,  while  plants  have  to 
■construct  niore  highly  complicated  out  of  simpler  com- 
pounds, or,  possibly,  even  out  of  their  constituent  elements. 
The  fact  that  the  compounds  which  are  absorbed  into  the 
plant  are  usually  very  rich  in  oxygen,  while  the  substance  of 
the  plant  itself  contains  only  a  small  proportion  of  that  ele- 
ment, shows  that  assimilation  must  be  a  process  of  deoxidation 
or  of  elimination  of  oxygen.  It  can,  therefore,  take  place 
only  in  those  cells  which  contain  chlorophyll,  and  under 
the  inSuence  of  light ;  because  it  is  only  in  those  parts  of 
the  plant,  and  only  under  the  action  of  sufficient  light,  that 
oxygen  is  given  off!  The  leaves  are,  therefore,  the  principal 
organs  of  assimilation. 

It  is  not  at  present  possible  to  follow  step  by  step  the 
process  of  assimilation  ;  it  seems  to  depend  mainly  on  the 
following  forces  :  (i)  the  evaporation  of  the  water  contained 
in  the  nutrient  sap  by  transpiration  ;  (z)  the  decomposition 
of  carbon  dioxide  and  the  fixation  of  carbon  ;  (3)  the  for- 
mation of  albuminoids  which  aie  essential  for  the  produc- 
tion of  protoplasm  and  chlorophyll ;  (4)  the  formation  of  the 
substances  from  which  cellulose  is  produced,  viz.  starch,  the 
difTerent  kinds  of  sugar,  oil,  and  inulin, 

Since  the  growth  of  plants  can  take  place  only  at  the 
expense  of  assimilated  substances,  it  is  of  the  highest  im- 
portance that  a  number  of  the  products  of  assimdation 
should  be  transported  from  the  places  where  they  are  pro- 
duced, and  made  to  take  their  part  in  the  vital  processes  of 
the  plant ;  and  they  have  therefore  to  be  stored  up  at  cer- 
iainpoinlSjinorderto  serve,  asrequired,  as  rwrtTr-wa/wia/j. 
of  these  reserve- materials  aie,  fox  e'«m\^\e,  a^am  dis- 
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solved  in  the  spring  at  the  commencetnent  of  the  period  sA 
vegetation,  and  then  employed  in  the  production  of  new 
organs,  especially  the  leaves. 

I  The  decomposition  of  the  carbon  dioxide  contained  in  the  atmosphere 
f  lathe  main  source  of  the  carbon  required  for  building  up  tlie  lissues  of 
pIlLots.  Only  those  cells  which  contain  chlorophyll,  and  ihen  only  under 
the  influence  of  sunlight,  have  the  power  of  decomposing  the  carboib 
dioxide  which  they  take  op,  and  of  producing  organic  compounds  out 
of  its  elements  and  those  of  water,  with  elimination  of  an  equal  volume 
of  oxj^en,  or  in  other  words  of  assimilating.  It  is  highly  probable  that 
in  this  process  the  carbon  dioxide  loses  only  one  half  of  its  osygen,  tha 
other  half  of  the  oxygen  which  is  evolved  resulting  from  the  decompo- 
sition of  water.  It  is  only  living  chlorophyll  that  has  the  power  of  de- 
composing the  carbon  dioxide  i  and  in  general  both  sides  of  the  leaf  take 
part  in  this  process,  though  with  different  energy.  Light  aod  heat  are 
absolutely  necessaiy  for  it  j  a  small  deficiency  of  heat  may  be  compen- 
sated by  mare  intense  light,  but  there  are  limits  which  cannot  be  passed 
I  {see  Fig.  373,  p,  Z13).  Plants  which  do  not  contain  dilorophyll  have  no 
|k  power  of  decomposing  carbon  dioxide,  and  hence  of  assimilating:  they 
I  ttast  therefore  obtain  their  nutriment  from  substances  already  assimi- 
lated;  aod  hence  grow  either  on  or  in  animals  or  other  plants  as  parasites,, 
and  obtain  their  nutriment  from  them,  or  live  [as  saprophytes]  on 
Di^uiic  substances  actually  undergoingdccomposition,  and  absorb  their 
organic  constituents  before  they  are  completely  decomposed. 

The  mode  of  formation  of  albuminsids  is  still  unknown  ;  it  has  not 
even  been  accurately  ascertained  at  what  spot  they  arc  produced.  The 
most  probable  sotntion  is  that  thej  are  formed  at  those  spots  where 
calcium  oxalate  is  stored  up,  because  this  salt  is  formed  by  the  decom- 
portion  of  calcium  sulphate,  the  sulphur  of  which  passes  over  into 
the  albuminoids  (See  p.  16S). 

Neither  is  it  yet  known  how  ecllvlose  is  formed,  although  access  of 

atmospheric  oxygen  appears  essential  to  its  production.     It  is  tolerably 

hat  B'arch,  sugar,  inulin,  and  oil  are    the  materials  out  of 

\  whichtheprotoplosm  constructsthe  cell-WBlI ;  at  least  substances  of  this 

K  description  which  are  stared  up  in  the  cells  always  disappear  when  an 

L  cpergetic  formation  of  cellulose  is  going  on. 

Starch  is  invariably  formed  originally  within  the  grains  of  chlorophyll, 
necessary  for  this  ;  but  the  very  small  intensity  of  light  which 
[BccE  for  the  formation  of  chlorophyll  is  not  sufEcientfor  that  of  starch 
ttof  the  drops  of  oil  which  sometimes  replace  it.  In  ditecl  « 
s  produced  in  the  green  parts  o(  y\au*s  aVnusV  ■i 
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momenl  in  which  the  rays  of  light  fall  upon  Ihem  ;  and  in  diffused 
idaylight  afiei  a  short  time.  Plants  grown  in  the  dark,  and  therefore 
etiolated,  develope  chlorophyll  first  when  exposed  lo  light,  and  then 
starch  in  the  chlorophyll -grains.  In  the  dark,  starch  is  transformed  into 
«tber  nearly  related  bnt  soluble  substances,  such  as  sugar,  dextrin,  he, 
which  become  dtstributcd  through  the  whole  plant,  and  is  again  fixed  in 
the  form  of  starch  as  a  reserve-material  at  particular  places,  as  in  the  grains 
•of  cereals,  the  tubers  of  the  potato,  &c  Whether  or  to  what  extent  the 
mltogenouE  constitaents  as^st  in  these  processes  is  slill  unknown. 

The  processes  of  life  cannot  be  conceived  as  going  on, 

even  in  unicellular  plants,  without  a  continual  movement  of 

those  substances  which  are  necessaiy  to  their  life.     In  the 

most  simply  organised  plants  these  processes  are  simple, 

^_     but  become  more  complicated  as  we  ascend  in  the  scale. 

^L         The  direction  in  which  the  assimilated  substances  move 

^H  -varies  according  to  the  vital  needs  of  the  plant.    They  can 

^^■.be   transported  from   the   places   where   they  are   formed 

^^Bjdireclly  lo  those  where  they  are  required,  or  to  reservoirs  of 

^^^p-eserve-material,  where  they  are  stored  up  until  they  are 

^^Fagain  carried  to  the  parts  where  they  are  consumed.    Hence 

perennial  plants  have  their  chief  reservoirs  in  their  stems, 

rhizomes,  bulbs,  or  tubers ;  while  those  which  do  not  bear 

fruit  more  than  once  have  the  greater  part  of  their  assimi- 

Jated  substances  stored  up  in  their  seeds. 

It  may  be  taken  as  nearly  certain  tliar  in  plants  higher 
in  the  scale  than  Mosses,  in  most  if  not  in  all  cases,  the 
transport  of  the  assimilated  nutrient  sap  takes  place  through 
-two  forms  of  tissue.  The  sofl-bast  is  chiefly,  though  not 
■exclusively,  the  conducting  tissue  of  the  albumiuous  muci- 
laginous alkaline  compounds ;  while  the  parenchyma,  both 
•of  the  cortex  and  of  the  pith,  is  the  chief  agent  in  the  con- 
duction of  non-nitrogenous  substances,  such  as  starch,  sugar, 
inulin,  oils,  and  acids.  The  laticiferous  and  the  utricular 
vessels  also  contain  reserve-materials  of  a  different  kind, 
which  can  be  made  use  of  when  required  ;  but  the  move- 
ment of  the  fluids  contained  in  them  is  more  sluggish  than 
a  a  small-celled  (issue. 
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The  expetiments  of  Han  th     firs  p  p.^inl. 

From  the  cut  branches  d  d        ns  p  ai       h        mov«l, 

above  ihe  cut  surface,  aixirp  bakd  ped  the 

branch  In  water.     The  res        as  h  h        p  cies  wh   h  possess  no 

isolated  vascular  bundles,  no  cambium  cells,  and  no  sieve  tubeii  in  the 
medullary  aheatli,  no  roots  sprang  from  below  the  place  from  which  the 
baric  Imd  been  temoved,  or  at  least  very  Tew  in  proportion  to  the  sire  of 
the  piece  of  bark  below;  while  above  [hat  part  o  large  number  of  strong 
roots  were  rormed  (Fig.  348).  In  those  plants,  on  Ihe  olher  hand,  like 
Mirabilis  yalafla  and  AmaraiUhia 
saitgiHiiais,  which  have  isolated 
vascular  bundles  in  the  pith,  or, 
like  iViviif tn  OlfaiiJerand  Solcamm 
Dtikamara,  cambium-bundles  or 
sieve-lubes,  an  abuodance  of  roots 
were  formed  even  below  Ihe  part 
wbere  the  bark  had  been  re- 
moved. The  conclusion  is  un- 
avoidable that  substances  essentia! 
lo  nutrition  are  conducted  only 
through  the  elongated  csmbium- 
or  sicvc-lube  cells.  In  these  cell- 
bundles,  however,  non-nitrogenous 
substances  occur  only  exception- 
ally, that  is  only  at  periods  when 
laxBe  quantities  must  be  trans- 
ported m  a  short  lime ;  and  In 
many  plants  they  are  never  found  ~ 
there.  The  conclusion  may  hence  Yta. 
be  drawn  that  olher  groups  of  cells  J^ 
besides  the  elongated  ones  also  lui 
lake  purl  in  the  transport  of  the 
assimilated  sap  ;  and  these  are  most  probably  certain  groups  of  paren- 
chymatous cells  which  are  distinguisheil  by  containing  very  fine-grained 
starch,  and  which  can  be  recognised  al  once  by  this. 

Ilfollowsfrom  what  has  been  said  that  the  old  view  of  an  ascending 
sap  in  ihe  spring  and  a  descending  current  in  the  autumn,  must  be 
modified  ;  that  the  sap  certainly  rises  in  the  spring  after  ihe  close  of 
the  winter's  period  of  rest ;  but  that  this  ascending  current  cominues 
through  the  whole  period  of  growth,  as  does  also  the  descending 
current ;  and  that,  as  need  arises  in  the  plant,  horiionlol  currents  also 
pass  through  lis  tissues.     The  old  comparison  \ieWttn  \ive  tvtoisiMJB- 
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of  Ihe  lilood  ID  animals  and  that  of  Ehe  sap  in  plants  must  tlierefarc  be 
lirely  abandoned. 
If  now  we  inquire  what  are  the  causes  of  the  movements  of  the 
assimilated  nutrient  sap,  it  is  impossible  to  give  a  definite  answer, 
because  the  action  of  oi^nised  and  living  protoplasm  introduces  inde- 
lermiuable  fadors.  It  may,  however,  be  assumed  that  the  law  of 
diffusion  in  its  widest  sense  is  one  cause  of  these  currents.  The  move- 
ment in  cells  enclosed  on  all  sides  is  brought  about  by  two  causes  :  the 
font  n/osmoie  and  the  lension  efihe  tissues,  that  is  the  force  exerciseii 
on  the  conducting  cells  by  the  surrounding  ones.  The  movement  of  the 
n  take  place  more  readily  in  intercommunicating  tubes  than  ia 
closed  cells,  as  is  seen  in  latlciferous  vessels  and  sieve-lubes.  Thus,  for 
example,  in  Ihe  cekndine,  Chclideniam  majus,  the  slight  rise  in  tem- 
perature caused  by  the  approach  of  the  hand  at  the  distance  of  an  inch 
is  sufficient  to  cause  a  current  of  laten  Cowards  the  colder  parts  which 
may  be  perceived  under  (he  microscope.  This  movement  is  obviously 
occasioned  by  the  pressure  or  lension  which  the  swelling  of  the  neigh- 
boiuing  cells  exercises  on  the  thin-walied  laticifeious  vessels.  Other 
forces  besides  those  already  mentioned  operate  in  these  tubes,  especially 
the  curvalurea  and  torsions  of  particular  parts  of  the  plant  occasioned 
by  the  influence  of  light,  gravitation,  and  the  wind. 

The  products  of  assimilation,  when  transferred  to  other 
cells,  and  when  brought  into  actual  use,  undergo  a  variety  of 
changes  which  are  included  under  the  term  nuiastasis  or 
metabolism.  Thus  when  the  starch  formed  in  the  leaves  of 
the  potato  is  to  be  transferred  into  the  tubers  as  a  reserve- 
material,  it  must  first  be  transformed  into  a  soluble  substance, 
viz.  glucose.  This  glucose  is  distributed  through  the  con- 
ducting tissues  ;  and  being  again  transformed  into  starch  in  the 
cells  of  the  tuber,  all  the  starch  gradually  collects  in  these 
organs.  By  the  close  of  the  period  of  growth,  ail  the  chloro- 
phyll-grains are  also  dissolved  and  carried  into  the  permanent 
organs,  together  with  all  the  other  substances  which  are  sub- 
sequently to  be  employed.  Many  products  of  metastasis 
are  of  no  further  use  in  the  construction  of  new  cells,  but 
remain  stored  up  and  inactive  at  the  spots  where  they  are 
produced.  These  are  termed  secondary  products  of  meta- 
4/as/j;   and  comprise  the  volatile  oils,  lesin,  caoutchouc» 
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gum-like  substances,  tannin,  pigments,  acids,  alkaloids,  wax, 
pectin,  &c.  Other  substances,  known  as  de^adation-pro- 
diicts,  are  produced  only  by  subsequent  changes  in  the  sub- 
stance of  organised  structures  ;  such  are  the  mucilage  of 
quince-seeds  and  linseedj  and  perhaps  also  lignin  and  coik 
(see  p.  23). 

The  object  of  the  processes  of  assimilation  and  meta- 
stasis, the  nutrition  of  cells  already  existing  and  the  formation 
of  new  ones,  is  at  present  known  only  in  its  most  general 
features.  The  little  that  is  known  consists  of  the  laws  of 
cell- formation  already  mentioned,  and  of  the  fact  that  the 
cell-wall  grows  by  intussusception,  that  is,  by  the  formation 
^af  fresh  molecules  between  those  already  in  existence. 


^r  REPRODUCTIOK. 

The  great  office  assigned  to  vegetation  of  covering  the 
surface  of  the  earth  with  fonns  of  organic  life,  and  trans- 
forming inorganic  into  organic  substances  in  order  to  support 
the  life  of  man  and  other  animals,  requires  that  plants  be 
endowed  in  a  remarkable  manner  with  the  power  of  repro- 
duction, that  is,  of  producing  individuals  of  the  same  species, 
in  order  that  the  short  duration  of  all  earthly  life  may  not 
result  in  the  world  being  soon  deprived  of  its  covering  o( 
vegetation,  and  ali  life  perishing  in  consequence.  For  this 
purpose,  particular  cells  of  the  plant  begin,  at  definite  times. 
an  independent  growth,  and  thus  carry  on  a  life  of  their 
own,  often  not  in  connection  with  the  parent  plant.  Such 
cells  are  called  reproductive  cells,  and  the  plant  which  re- 
sults from  one  of  them  constitutes  a  distinct ^H^'fl/ww.  The 
successive  generations  are  only  rarely,  as  in  some  Algje  and 
Fungi,  alike ;  as  a  rule,  generations  of  a  different  kind  follow 
one  another.  For  example,  a  generation  of  the  kind  a  will 
produce  one  of  the  kind  b,  and  this  again  one  of  the  kind  a. 
'i'his  kind  of  development  is  called  ai\  alternation  oj  geiiera- 
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Processes  of  reproduction  are,  again,  of  two  essentially 
diiferent  kinds.  While  one  class  or  group  of  reproductive 
cells  are  capable,  without  further  preparation,  of  giving 
rise  to  a  new  plant,  another  class  only  have  this  power  im- 
parted to  them  by  other  cells  which  stand  to  them  in  a 
relation  of  contrast  The  former  kind  are  termed  in  general 
nonsexual  reproductive  cells,  the  \attei  genri-cells  or  oosp/ieres. 

Reproduction  bynon-sexual  reproductive  ct[\s\non-sexual 
reproduction]  occurs  in  a  variety  of  modi 6 cations,  some  less, 
some  more  perfect,  and  is  variously  termed  reproduction  by 
spores,  gemmce,  bulbils,  conidia,  buds,  gontdia,  &:c. 

The  most  common  mode  of  multiplication  in  the  lower 
plants  is  by  means  of  spores.  This  term  may,  in  general, 
be  applied  to  ail  those  simple  reproductive  cells  which  arise 
without  any  process  of  sexual  union.  In  by  far  the  greater 
number  of  cases  they  are  simple  cells  enclosed  in  a  single 
or  double  cell-wall,  and  formed  at  particular  places,  very 
commonly  in  special  receptacles  to  which  the  name  spo- 
rangia is  given.  The  great  variety  that  prevails  in  the  form, 
function,  permanence,  and  mode  of  formation  of  spores  has 
led  to  the  use  of  a  number  of  special  terms,  of  which  those 
in  most  common  use  will  be  hereafter  mentioned  and 
explained.     (See  e.g.  Figs.  394,  395,  400,  402.) 

Conidia  are  scarcely  distinguishable  from  spores  ;  the 
term  is  applied  especially  to  tlie  non -sexual  reproductive  cells 
of  certain  groups  of  Fungi ;  they  are  always  naked,  never 
enclosed  in  a  sporangium. 

Gontdia  are  reproductive  organs  consisting  of  chloro- 
phyllaceous  cells  ;  they  are  peculiar  to  Lichens,  and  are 
regarded  as  a  peculiar  form  of  lowly  developed  Algte.  (See 
rigs.  412,  413.  PP'  287.288.) 

In  gemmm  the  cells  are  united  into  regular  groups,  and 

only  in  this  condition  detach  themselves  from  the  parent 

piant.     They  occur  especially  in  the  Muscinesi.     In  the 

HejMtiae  they  are  developed  in  special  bowl-shaped  con- 

ceptacles  (Fig.  349} ;  in  Mosses,  ou  ft\£  co^wmv,  on  the 
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stem,  rhizoids,   leaves,  and  in  short  on  all  parts  of  the 
plant. 

Special  interest  attaches  to  the 
mode  of  reproduction  by  means  of 
buds.  These  are  larger  assemblages 
of  dissimilar  cells,  and  are  mode- 
rately highly  organised  germs  of  new 
plants,  inasmuch  as  they  already  con- 
sist of  axial  and  foliar  organs.  They 
are  also  not  distributed  irregularly  *^'-'^' '*''~j^™,P"  Livcrwon 
over  the  parent  plant,  like  the  repro-  Marchantia  fifyMarfia 
ductive  organs  already  mentioned,  ™*"' ' 
but  are  usually  attached  to  definite  positions,  being  found 
most  commonly  in  the  axils  of  leaves.  The  mode  of  repro- 
duction by  buds  is  of  the  highest  practical  importance, 
and  is  made  use  of  by  gardeners  in  a  great  variety  of 
ways,  since  by  this  means  not  only  is  the  species  but  the 
particular  variety  propagated,  which  is  not  always  the  case 
in  reproduction  by  seeds.  To  this  class  belong  reproduc- 
tion by  buibih,  runners,  cuttings,  grafting,  layering,  and 
budding.  In  these  processes,  so  different  in  their  external 
appearance,  reproduction  depends  simply 
on  the  further  development  of  buds  which 
have  become  spontaneously  detached  from 
the  parent  plant,  or  artificially  separated 
from  it.  , 

£uih'/s  are  endowed  in  a  high  degree  with 
the  power  of  independent  life  ;  they  become 
S[>ontaneously  detached  from  the  parent  plant, 
and,  when  they  fall  to  the  ground,  continue 
to  grow  like  seedlings.  They  occur  espe-  ^'f:,?^°~f'^-p' 
cially  in  bulbous  plants  ;  in  the  hyacinth,  for  mm  -.  i  buiKfJ 
example,  in  the  axils  of  the  bulb-scales  (Fig.  a^ofihe'ikt= 
122,  p.  82),  in  some  lilies  in  the  axils  of  the  *' 
foliage- leaves  {Fig.  350),  and  in  some  species  q(  A£iinm 
the  inflorescence.    MoreiaTel^  iV.e^  a.T^^QMtvi'ati'i-v.t 
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surface  of  ihe  leaf,  as  in  Cardamine  pralensis,  \Bfyophyllujri\, 
and  some  Fern 

Mult  pi   a  on  by  he  d       on  of  unde  ground  [o  a     alj 
stems,  as    n    he  ^         and     ou  h  gra-      Trt    u      r  p 
ind  \fj  nnn        anh  brrj  o         pie  and  so 


well  know  n  as  no     o 
While    n  ail    he 
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bark  and  the  wooa,  and  spread  kterally  over  the  cut  ends 
of  both  xylem  and  phloem,  these  latter  taking  no  part  in 
the  formation  of  new  tissue  (Fig.  351).  Thus  is  formed  a 
spongy,  cartilaginous,  succulent  cushion  of  tissue,  known 
to  jrardeners  as  a  callus.  At  the  same  time  the  outer 
wounded  parts  of  the  bark,  and  some\!\me?.  a\50  \\ie  ^VOci,aie 
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protected  from  further  injury  by  a  newly  formed  cork-tissue. 

In  cuttings  (Fig.  351),  i.e.  cut  branches  planted  in  the  earth, 
_,lhe  roots  are  developed  either  through  the  tissue  of  the 

fallus  or  near  it,  but  always  directly  from  the  cambium.  In 
rafting,  layering,  and  budding,  the  cambium  plays  the  same 
part  as  in  the  cutting,  giving  rise  to  the 
recuperative  mass  of  healing  tissue,  or 
callus.  This  forces  itself  into  the  injured 
space  between  the  bark  and  the  wood  (Fig. 
351),  fills  it  up  in  all  directions,  covets  up 
the  dead  parts  of  the  tissue,  and  causes 
those  parts  that  are  still  active  to  coalesce 
with  one  another.  The  various  modifica- 
tions of  this  process  are  of  greater  interest 
from  a  practical  than  a  scientific  point  of 
view.  In^o//;>/^{Figs.  351,  353),  a  branch 
of  a  superior  variety  is  [ilanted  on  a  stock 


Bof  a  wild  variety.  In  budding,  a  bud  to  which  a  piece  of  the 
bark  is  still  attached  is  inserted  into  a  T-shaped  incision 
beneath  the  bark  of  the  stock  (Fig.  354).  In  all  cases  the 
wounded  part  must  be  protected  externally  by  wrapping  round 

tith  bast  and  covering  up  with  cotton-wool  or  some  other 
ibstance  from  the  injurious  influence  of  the  atmosphere. 
1  these  various  processes  the  point  of  junction  betwfcfa  'fee. 
ock  and  the  graft  forms  a  boundarYAVnt  ■,  sSi  "Cwe  ^otXs, 
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developed  above  this  line  belong  to  the  latter  ;  all  those 
beneath  it  to  the  stock.  The  graft  is  developed  altogether 
spontaneously,  without  undergoing  any  essential  change 
from  the  stock  ' ;  while  the  stock,  if  the  buds  formed  on  it 
are  allowed  to  grow,  developes  its  own  proper  leaves,  flowers, 
and  fruit 

This  independent  growth  of  a  bud  in  contact  with  the 
stock  of  another  plant  takes  place,  however,  only  when  the 
two  belong  to  nearly  related  species.  The  peach  can  be 
grafted  on  a  plum-stock,  but  not  the  rose  on  an  oak. 

Reproduction  by  means  of  oosphtres  or  germ-cells  is. 
essentially  different  from  the  modes  already  described  ;  since 
here  cells  of  two  different  kinds  are  necessary  to  produce 
the  new  plant  by  their  mutual  action  the  one  on  the  other, 
the  cells  of  each  kind  having  no  power  of  propagation  in 
themselves  alone.  This  process  of  mutual  action  is  called 
fertilisation  or  impregnation,  and  involves  a  distinction  be- 
tween the  ferrilising  or  male,  and  the  fertilised  or  female 
element ;  it  is  hence  also  known  as  sexual  reproduction.  The 
female  element  becomes,  after  fertilisation,  the  germ  of  the 
fiiture  plant. 

Of  the  various  processes  of  fertilisation  we  can  here  only 
describe  that  which  is  characteristic  of  all  flowering  plants 
or  Phanerogams.  The  organs  of  reproduction — the  male 
pollen,  and  the  female  oi'ule — are  in  them  collected  in  the 
flojfer,  and  form  its  essential  consrituents,  and  fertilisation 
consists  in  the  pollen  exercising  an  influence  on  the  ovule, 
by  which  a  further  development  is  induced  in  the  latter. 
In  those  plants  in  which  the  ovules  are  enclosed  in  an  ovary 
(Angiosperms)  it  is  necessary  that  the  pollen  should,  in  the 
first  place,  fall  upon  the  stigma.  The  period  of  maturity  of 
the  pollen  and  of  the  capacity  of  the  ovule  for  fertilisation 
generally  coincides  with  that  of  the  exjiansion  of  the  flower. 


'  [The  graft  and  (he  slock  do,  hpwever,  exercise  a  c 
vciprocal  influence  ihe  one  on  the  ofher  ;  and  in  cetta 
r  iniermeillate  /ornis  belween  the  Iwo  ate  ^lodu'-.ei.— 
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The  anthers  then  open,  and  the  pollen-grains  {Fig.  355)  are 
carried  to  the  stigma,  either  by  the  wind  \anemophilous\  or 
by  the  agency  of  insects  \eniomopkilous\  or  by  peculiar 
movements  (see  pp.  203,  205)  of  the  stamens  or  carpels, 
and  remain  attached  to  it  in  consequence-  of  its  exuding  a 
viscid  fluid.  If  we  consider  the  immense  number  of  pollen- 
grains  produced  in  any  individual  flower,  and  in  additioa 
the  fact  that  a  single  one  of  these  grains  suffices  for  % 


fertilisation  of  an  ovule,  it  would  appear 
at  first  sight  as  if  ample  provision  were 
made  in  the  majority  of  plants  for  this 
first  act  in  the  process  of  fertilisation, 
especially  if  attention  is  directed  to  the 
relative  positions  of  the  anthers  and 
stigma.  Thus,  for  example,  in  most 
plants  with  pendent  flowers,  such  as 
the  fuchsia,  the  anthers  are  always 
placed  higher  than  the  long- styled 
stigma,  so  that  in  the  act  of  pollina- 
tion, that  is,  the  dispersal  of  the  pollen, 
some  pollen-grains  must  almost  inevit- 
ably become  attached  to  the  stigma. 
But  in  spite  of  the  frequent  occurrence  of  such  favoi 
able  arrangements,  there  are  many  cases  in  which  fertilisa- 
tion is  impossible  without  foreign  aid,  as  in  the  Orchidere 
and  Asclepiadete  (Fig.  355  E),  in  which  the  pollen-grains 
are  firmly  united  together  by  a  viscid  substance  into  a 
polhnium,  and  lie  undisturbed  in  the  open  anthers.  In 
these  cases  assistance  is  given  by  the  host  of  insects  which, 
_ia  their  search  for  honey,  By  busWy  tioia  fto'wcc  \.q  Sicm' 
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penetrate  to  the  nectaries,  and  unintentionally  and  unknow- 
ingly carry  the  fertilising  pollen  from  one  flower  to  another. 
In  a  large  number  of  flowers,  as,  for  instance,  the  Legumi- 
nosK,  other  contrivances  are  also  found,  by  means  of  which 
the  pollen  is  conveyed  to  particular  parts  of  the  bodies  of 
the  insects  in  their  search  for  honey,  ms.  to  tliose  which 
must  come  into  contact  with  the  stigma  when  the  insect 
>visits  the  next  flower.  And  since  many  insects,  and  especi- 
ally bees — the  most  efficacious  class  in  the  fertilisation  of 
flowiirs — habitually  visit  in  succession  a  great  number  of 
flowers  of  the  same  kind,  the  pollen  is  not,  as  a  rule,  wasted 
by  being  carried  to  a  flower  of  a  different  species.  Too  great 
importance  cannot  be  attached  to  this  function  of  insects  ; 
and  many  exotic  plants,  such  as  the  vanilla,  were  long  culti- 
vated in  our  hot-houses  without  producing  fruit,  because  the 
insects  required  for  their  ferdUsation  were  wanting,  imtil  their 
place  was  supplied  by  artificial  pollination. 

In  particular  cases,  in  which  fertaisation  would  otherwise  1*  impos- 
sible, other  specinl  contrivances  are  found,  especially  in  waler-plsntB. 
When  the  pollen-gtains  come  into  contact  with  water,  with  a  veiy  few 
exceptions  (as  in  Ctratapiyllam  and  ZoiUra),  they  absorb  so  much  oa 
use  them  to  burst,  or  to  occasion  the  escape  of  theit  contents  from 
if  their  pores  so  quickly  that  they  perish.  In  oriJer  lo  prevent 
this  injurious  effect  it  is  almost  invariably  the  case 
that  snbmei^ed  plants  raise  their  floWere  above 
Ihe  water,  as  in  Sagillaria  and  Hydracharis.  la 
Utritalaria  (Fig.  356)  the  bladders  on  the  leaves, 
which  are  previously  empty,  become  filled  with 
air  al  the  lime  of  fertilisation,  raising  the  whole 
plant  10  the  surface  of  the  water,  while  it  i^ia 
sinlis  at  the  close  of  Ihe  period  of  flowering.  The 
most  remarkable  case  is,  however,  presented  by 
Valtisneria  spiralis.  The  male  flowers  are  seated  on  very  short  pedicels 
al  the  base  of  the  leaves,  often  several  feet  below  the  surface  of  the 

t  water ;  the  female  flowers  on  the  contrary  on  very  long  pedicels, 
which  at  a  particular  time  become  greatly  elor^galed  and  raise  the 
flowers  10  the  surface  of  the  water.  The  male  flowers  then  become 
detached  from  their  pedicels,  rise  to  the  surface,  are  floated  amoQg 
\e  female  Sowers,  and  fertilise  them.     Mlci  iloa  ^^a!,  \ies.R  ■ 
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pli&hed  the  pedicel  of  ihe  female  flower  coil^  up  spirally,  luiil  the  fruil 
ripens  lieneafh  the  water. 

Notwithstanding  that  appeanaces  would  seem  to  point  to  the  pistil 
hcing  always  pollinated  liy  the  alamens  which  surround  it,  more  exact 
otoervation  has  nevertheless  shown  that  stlf-fertilisatioit  of  this  nature 
'does  nut,  as  a  rule,  take  place,  but  that  on  the  other  hand  cross-/erii/isa- 
Jion,  i.e.  a.  crossing  between  different  flowers  on  the  same  plant,  oi 
between  ftnwers  on  different  plants  of  the  same  species,  is  much  more 
ftetiuenlly  actually  found  in  nature.  Illustration*  ol  this  law  are  found 
in  the  phenomena  of  dichoeamy  and  helerostylism,  whicb  are  found  to 
•occur  in  so  many  plants. 

By  (licAagamy  is  meant  the  maturing  at  ditiferent  times  of  the  re- 
productive organs  in  a  hermaphrodite  flower.  Dichoganious  flowers 
lire  either  pmterandrous,  when  the  pollen  escapes  from  the  anthers 
1>efore  the  stigma  in  ihe  same  flnwer  is  ready  (or  pollination,  or  frolei-o- 
Syaims,  when  the  stigma  has  lost  its  capacity  tor  pollination  before  the 
[Hillen  is  mature,  so  that  its  pollination  must  depend  on  Ihe  pollen 
of  older  flowers.  Most  species  of  Ceraniam,  Pelargatiiumy  Ma/va, 
ITmbelliferiE,  Composila;,  and  Camponulacea;,  are  proterandrous ; 
^hite  among  proterogynous  plants  fwhich  are  much  [ess  common]  may 
n»  mentioned  species  of  Magnolia,  ArisMoehla,  [Serojihularia,  Plan. 

Helerostylism  consists  in  different  flowers  belonging  ti 
species  having  sla-  1.  u. 

mens  and  pistils 
(styles)  of  d lifer- 
ent lengths.  Thus, 
for  example, 
the  cowslip  [and 
primrose],  LUutm 
ptieHiu,  and  Pul' 
monaria  egUinalii 
(Fig-  357).  l« 
different  fbrms  o 

the  long-sty!ed 

and  iheshort- 
'led  (It.).  This 
difiercnce  in  the 
form  of  the  repro- 
ductive organs  is  culleii  diiHarphisin  \  while  Irimorpkism, 
I'listence  of  three  different  fcmu:,  occurs  in  Lythru 
Oxalii],      In  plants  in  which  this  arrangement  occins,  ^eeC-KisiAi 


f^Mllr,  Ok  ciCTnM^KX  E  ^cdsDr  BtMcwDAhy  ihs  ii 

Ikt  pnllniatiuB  nf  flic  sI^jiib  bf  paOeB^xuiE   nam  desimc  Bowan 

■EMaUriMi'onoin,  lam^  a  SubQ]-  ngmuss  gfen  on  the  viaite  Snwct 

fKot  a  lev  enmpis  mt  kntiwn  of  pbrnz^  piodiicit^  iwu  kinds  oT 

flniKcn.  'me  kini!  witb  coiK|nciuiaB  corolla,  whicb  may  or  nuiy  not  be 

iertHc  ;  ihe  olhei  kind,  tnown  bs  cUUteptmii,  cioscd,  wiib  lie  corolla 

mpcrfcct,  bIwhi.^  fertile  and  self-lerlilised.    Veiy  £Ood 

a.  violet  and  conunrm  df^-sioleL] 

When  pollination  has  been  fully  accomplished,  the  poDen- 
grain.  excited  by  the  viscid  fluid  exuded  by  the  stigma,  puts. 
A  2  ^^^  o'*^  ^  more  long  tubes,  the 

PelUn-tubes  {Fig.  358).    [The  pollen- 
grain  of  Angiosperfhs  is  now  known 
— at  least  in  a  laige  number  of 
cascs^not  to  be  unicellular,  as  pre- 
viously supposed,  but  to  resemble 
that  of  Gymnosperms   in    consist- 
ing of  one  large  and  several  t«ry 
much    smaller    cells.       The    laige 
cell  contains  a  fiuid  known  as  the 
fotiilla,    and    very    commonly  two 
'""'fctoSST*'"'*"^    nuclei,  and  from  it  alone  the  poBoi- 
"  "■     '"     ■  *   *■   tube  IS  formed     The  poUen-giaia 
K  invnied  hy  two  coats,  an  ■ 
I,  the  intint,  comfw»e(l  of  rallnlose,  and  an  outer  n 
I  coau  the  vciint,  which  is  very  commonly  ft 


.  cither  thi 


n  or  entirely  « 

:ceptioMAr 
licse  act 
<->ugh  the  weafcs  ■• 


W  Tlie  Life  of  the  Plant. 

of  the  style,  and  reaches  the  interior  of  the  cavity  of  the 
ovary,  often  in  a  few  hours.  There  it  comes  into  contact  with 
an  ovule  and  attaches  itself  closely  to  it  (Fig.  359).  One 
of  !he  cells  of  the  nucellus  of  the  ovule  has,  in  the  meantime, 
grown  much  larger  than  the  rest,  and  lias  pressed  aside  and 
absorbed  the  surrounding  tissue.  This  is  the  embryo-sac, 
[the  mother-cell  of  the  oosphere,  containing  one  large  nucleus, 
which  is  originally  towards  its  lower  end,  i.e.  away  from 
the  micropyle.  As 
the  embryo  -  sac 
increases  in  size 
before  fertilisa- 
tion, this  nucleus 
divides,  and  the 
two  daughter- nu- 
clei travel  to  op- 
posite ends  of  the 
sac,  a  large  cen- 
tral vacuole  being 
formed.  Each  of 
these  nuclei  again 
divides,  and  there 
are   now  four   at 


.-Loni 


^'.W^Ji; 


each  end  of  the  sac,  constitut  ng  the  polar  nuclei  Subse- 
quently two  of  these  one  f  om  e  ch  end,  approach  and 
coalesce,  constituting  the  pe  n  n  n  nucleus  of  the  embryo- 
sac.  The  nuclei  at  the  basa)  end  of  the  sac  soon  become 
invested  with  cell-walls  and  a  e  called  the  antipodal  cells 
(Fig.  360,  g) ;  their  function  is  unknown,  and  they  soon  dis- 
appear. Those  at  the  upper  end  of  the  sac  are  the  germinal 
or  embryonic  vesicles,  or  the  egg-apparatus  (Fig.  360,  k).  Two 
■  of  these,  lying  nearest  to  the  apex  o(  Otie  s.'s.t,  "ta-Ne; 
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I  termed  the  y««7;f((fe  ;  they  are  surrounded  by  a  protoplasmic 
membrane,  but  not  by  a  coat  of  cellulose.     In  some  cases 


7.  apQllen-tube  /ji  which  ha*  juit  fertBiwd  iht  iwq  t^abrvonic  vesicle*  ifl  conlmct 


•■lope  and  lo'diTide  inw  two.  1.x  «™-1 
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the  elongated  superior  ends  of  these  cells  present  a  longitudi- 
nal striation,  termed  thefliform  apparatus  (Fig.  361 1.  xf  :c"), 
and  supposed  by  Scbacht  to  play  an  essential  part  in  irapreg- 
ition.  The  third  of  the  germinal  vesicles,  lower  down  and 
imewhat  lateral  in  position,  is  the  oosphere  or  ovum-cell, 
its  nucleus  is  the  sister-nucleus  to 
the  polar  nuclei  which  coalesce  to  form 
the  permanent  nucleus  of  the  embryo-sac 
Occasionally  two  of  tiie  embryonic  vesicles 
are  fertilised  and  produce  perfect  embryos, 
affording  instances  ai  polyemhryony.\ 

Of  the  numerous  pollen-tubes  which, 
as  a  rule,  reach  the  ovule,  one  penetrates 
through  the  micropyle,  and^reaches  the 
embryo-sac  either  directly  <;jui^  forcing 
aside  the  tissue  which  still  liesT^^  it.  At 
the  apex  of  the  embryo-sac  the  pB^i-tube 
imes  into  contact  with  the  embrySjk  vesi- 
:Ie5,  and  fertilises  one  of  them,  the  ooHfaere 
(Figs.  361,  362),  the  others,  as  a  rule,  enS«.!y 
disappearing.  Immediately  after  fertilisa- 
tion, the  fertilised  embryonic  vesicle,  which 
was  before  naked,  becomes  clothed  with  a 
cell-wall  of  cellulose,  and  begins  at  once  to 
develope.  It  is  now  known  as  the  oosperm. 
This  divides,  at  first,  into  two  cells,  the  linn  rf  iht  embr>-o 
upper  one  of  which  becomes  iht.  suspsnsor  or  °rf  end-^pe™""; 
pro-embryo,  while  the  lower  one  developes,  ^nrSrihUmbirui 
by  frequent  division  and  growth,  into  the  branri^i'ira''ai^y 
embryo  {Fig.  363),  The  suspensor  is  some-  d^^p;^  "m"S 
times  longer,  as  in  Borraginere,  Cruciferse,  >i^.°iher*Dii)ryonic 
Labiatie,  and  Scrophulariaceae,  or  shorter, 
as  in  Polygonaceae,  and  In  Fotamogeton  consists  of  a  single 
globular  cell  :  occasionally  it  is  composed  of  pairs  of  cells 
lying  side  by  side  ;  sometimes  it  is  entirely  wanting.  In.  tlvi 
LeguminosK  each  eel!  of  the  suspensov  hcojievvOi^ 
xveral  nuclei,  sometimes  as  many  as  t\\«lv. 
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The  radicular  end  of  the  embryo  is  always  developed 
on  the  suspensor,  and  hence  the  radicle  of  the  mature  en 
is  almost  always  turned  towards  the  micropyle.  Duril 
growth  the  embryo  is  almost  always,  except  in  Orchi 
nourished  by  a  tissue  developed  ii 
embryo-sac  {Fig.  364),  and  termed 
albumen  or  endosperm.  The  fona 
of  this  tissue,  which  takes  plaq 
free-cell  formation,  commences 
the  suspensor  is  developing.  Whei 
embryo -sac  has  ceased  to  grow, 
endosperm -cells  become  vacuolated 
invested  by  walls  of  cellulose.  ID 
condition  a  communication  has 
observed  between  the  contents  of 
cent  cells  by  protoplasmic  threads  pi 
through  the  cell-walls.  The  enda 
is  occasionally  reduced  to  only  a  i 
row  of  cells,  and  in  Canna 
be  entirely  wanting.  In  some  very 
'itro-  embryo-sacs  the  centre  is  filled  " 
r™»  watery  fluid,  forming  the  '  milk ' 
i^fti'midX^^r^y  cocoa-nut.  The  function  of  the 
pollen-mtorr^i!!!™^  sperm  is  to  supply  the  growing  e 
of  ihe  embno.  ^[[^    nutriment,    though    some    is 

jf^mm^y^^  derived  from  the  nucdlus  througl 

V  '    ^{^\    suspensor.      In  some   cases   the 

V  ^^^    sperm  is  thus  ultimately  entirely 
^        h     "■  '■       sumed,  and  the  mature  seed  is  iha 

ij-  =t.  -  I..,.,. :,„.]  X.0  hs^  exalbumineus  ;  if  a  portion  a 

\  ieft,  it  is  aliuminous.    Whenaporlia 
■  remains  of  the  tissue  of  the  nucellus 
'^""  ""°"'^"  this  is  called  the /^tt>/(rw«.    CanI 

have  a  perisperm,  but  no  endosperm,  while  Nympha 
(Fig,  365)  have  both.     The  cells  of  these  tissues  are  t 
fflJed  with  a  quantity  of  nutiietils\i\Ki\a.Tvc.eso^a!i'siTi4s^i 
1  sen-e  for  the  nutrition  of  tVie  voung  -pXan^  «Vcti  (fpct^ 
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The  processes  concerned  in  fertilisation  and  the  forma- 
I'tion  of  tlie  embryo  in  Gymnosperms  (Coniferse  and  Cycadere) 
fidiffer  somewhat  from  thai  now  described.    The  pollen-grain, 
■always  carried  by  the  wind,  falls  directly  upon  the  micro- 
■:pyle  of  the  ovule,  the  pollen-tube  being  developed  from  one 
rof  its  daughter- cells  (Fig.  366).     The  embryo-sac,  at  least 
in  Coniferae,  is  filled  up,  even  before  pollination,  with  endo- 
sperm-cells, which,  however,  have  only  a  transitory  existence. 
After  some  weeks,  or  ofien  only  after  some  months,  they  are 
■  ^.again  absorbed,  a  fresh  development  of  endosperm  taking 


nts  place.  In  this  latter,  towards  its  apex,  are  formed,  after 
Wllination  has  taken  place,  a  few  cells  of  larger  size  than 
e  rest,  the  secondary  embryo-sacs  ax corpuscuks  '  (Fig.  367), 

pthe  number  of  which  differs  in  different  genera.  After 
tome  time  each  of  them  splits  up  by  a  partition- wall  into 

'  Somelimes  called  anhegoma,  from  iheir  resemblance  in  slruclure 
,  d  funclion  Id  these  organs  in  Vascular  Cryplo^ms,  Va  >iwi  ckbmSi. 
Btil  nf  which  Ihey  are  homologous. 


i 
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two  cells,  a  smaller  upper  one,  the  neck-cell,  and  a  larger 
lower  one,  the  central  cell.  The  first  forms  the  neck,  either 
remaining  simple  or  splitting  up  into  several  contiguous- 
cells.  In  the  central  cell  is  developed  a  large  oosffiere, 
which  is  surrounded  by  the  neighbouring  tissue  of  the  endo- 
s|term  as  a  peculiar  enveloping  layer  of  cells.  There  are 
no  synergidie  or  antipodal  cells.  At  the  time  of  pollination 
the  ovule  exudes  a  drop  of  viscid  fluid.  This  excites  the 
emission  of  the  pollen-tube,  which  now  advances  to  the  cor- 
pusculesj  becomes  closely  applied  to  several  of  them,  or 
penetrates  into  the  neck  of  a  single  one,  often  even  into  the 
central  cell,  and  transfers  its  contents  to  the  oosphere.  The 
oosphere  now  breaks  up  in  its  lower  part,  in  Cupressineee, 
into  several  cells  lying  one  over  another  ;  or,  in  Abietinete, 
a  layer  of  cells  is  developed  there  by  repeated  cell-divisions. 
These  cells  divide  further,  and  form  the  pro-embryas,  which 
in  the  course  of  their  development  break  through  the 
embryo-sac,  an  embrj-o  being  formed  at  the  lower  end  of 
each.  As  a  rule  only  one  rudimentary  embrj'o  in  each 
ovule  attains  perfection. 

The  germination  of  many  seeds  takes  place  as  soon  as 
they  escape  from  the  fruit  and  attain  favourable  conditions 
of  moisture  and  warmth;  m  others,  on  the  contrary,  a 
period  of  rest  seems  to  be  necessary  in  order  for  them  to 
ripen,  i.e.  to  become  capable  of  germination,  by  slow 
changes,  probably  of  a  chemical  nature.  The  radicle  of  a 
seed  of  the  willow  pierces  the  testa  as  soon  as  twelve  hours 
after  sowing ;  and  if  it  is  allowed  to  remain  dry  for  only 
twelve  days  it  loses  its  capacity  for  germination.  The  seeds 
of  the  elm,  poplar,  coffee,  and  many  Lauraceje  also  germi- 
nate only  when  they  have  been  kept  fresh  and  have  not 
dried  up  ;  while  that  of  the  mistletoe  often  germinates  even 
while  still  inside  the  fruit.  Fresh  seeds  in  general  germinate 
more  quickly  and  easily  than  old  ones.  Seeds  which  con- 
tain starch  may,  on  the  contrary,  retain  iheir  power  of  ger- 
for  many  years, .^^^jc^^j^T^^^m 
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rises  during  the  germination  of  seeds,  in  consequence  of  t!ie 
absorption  of  water  and  formation  of  carbon  dioxide. 

In  order  for  germinaiion  to  take  place,  it  is  essential 
that  the  temperature  should  fluctuate  only  between  certain 
limits,  which,  as  might  be  expected,  vary  greatly  in  the  case 
of  different  plants.  In  the  case  of  wheat,  for  example,  the 
lower  and  upper  limits  are  5°  and  43°  C. ;  for  bariey  5°  and 
36°-37'S°  C. ;  for  maize  15°  and  46-2°  C.  The  seedling 
derives  its  earhest  nutriment  from  thej 
seed,  and  especially  from  the  cotyledons, 
or.  when  there  is  endosperm,  from  it  also 
through  the  medium  of  the  cotyledons. 
The  radicle  first  emei^es  from  the  seed, 
and  after  it  the  plumule.  The 
radicle  is,  in  Dicotyledonous 
plants,  a  direct  prolongation 
of  the  axis  of  the  embryo,  and, 
therefore,  a  tap-root ;  while 
in  Monocotyledons,  on  the 
other  hand,  the  radicular  end 
of  the  embr>-o  never  becomes 
a  primary  root ;  a  number  of 
adventitious  toots  are,  c 
contrary,  developed  (se 
105,  p.  74),  and  it  is  only 
rarely  (Fig.  368)  that  the  i 
dicular  end  of  the  embryo 
elongates  into  a  protuberance  ' 
which  soon  perishes.  In  re- 
spect to  the  cotyledons  also,  \ 
there  are  two  modes  of  germi-   S'i:*!"'^!''     soii.mJoniysiighiry 

°        .       tmtile;ynlQ-       emeiHina  from   Ihe 

nation.      They    either    remain    niuie(x6}.         msmt. 
beneath  the  soil  still  enclosed  in  the  testa,  (Fig.  369),  or 
they  rise  above  ground  and  throw  off  the  testa  (Fig.  370). 
The  single  cotyledon    of  Monocotyledons  almost  a.W'i.'j^. 
—.remains  beneath  the  surface,  as  a\so  do  vVost  ol  fcft  "^ 


_  Fic.  368.-G=r-    Flc.  369. 
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anti  sweet  chestnut,  while  in  other  Dicotyledons,  as  fl*  ' 
md  lime,  they  emerge  from  the  soiL  The 
plumulf  of  Monocotyledons  consists  of 
superimposed  leaves  of  a  sheath-like  or 
comet-like  character  (Fig.  368)  ;  while  in 
Dicotyledons  the  cotyledons,  when  th^ 
separate,  are  green  and  leaf-like. 

In  all  modes  of  reproduction  the  pro 
perties  of  the  parent  plant  are  transmitted 
to  its  descendants.  When  reproductioa 
is  effected  by  asexual  cells,  this  is  alto- 
gether the  case  ;  but  when  the  reproduc- 
tive cells  are  fertilised  oospheres,  only  so 
far  as  to  maintain  the  character  of  the 
specus.  When  the  fertilising  (male)  and 
the  fertilised  (femalej  ceil  are  derived  from 
plants  which  belong  to  different  species, 
fertilisation  can  lake  place  only  if  the 
;  very  nearly  related  to  one  another.  An 
vidua]  resulting  from  impregnation  of  this  character  is 
a  hybrid;  and  it  is  determined  by  a  number  of  circum- 
stances, some  of  which  are  still  unknown,  which  of  the  two 
parent  species  the  hybrid  most  nearly  resembles.  Hybrids 
resulting  in  this  manner  from  the  crossing  of  two  species 
not  unfrequently  occur  in  nature ;  but  their  power  of 
propagation  is  commonly  defective,  and  they  are  often 
altogether  infertile. 

In  systemalic  botany  hybrids  ate  distinguished  by  names  com- 
pounded of  those  of  ibcir  parent-species,  the  name  being  placed  first  of 
t  the  one  which  it  most  resembles.  Thus  between  MetUha  reluniHfidia 
■  and  M.  syhieilrii,  Iwo  hybrids  nie  known,  M.  roliiniH/olia-iyhvstrit 
I  and  M,  ^valri-ralundi/alui,  the  former  of  which  most  neariy  resenibleE 
[      At,  ralundi/olin,  the  later  M.  ryljialris.' 

'  [A  more  usual  and  prefcrnble  practice  K  lo  place  ihe  name  of  the 
male  psrait  (irsl,  nf  the  female  jiarenl  last.  Thus  Mcnlhn  rotumfifflh- 
ifni^Mnt  would  be  the  result  oE  the  teniiisnioo.  of  if.  fflfewtr^l" 


two  speaes  t 
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Fertilisation  is  easier  betiveen  different  varieties  of  the 
same  species  tlian  between  different  species,  the  result  being 
in  this  case  termed  a  varkty-hybrid.  The  stamens  are  often_ 
replaced  in  them  by  petals,  thus  forming  what  are  calld 
double  sterile  flowers,  on  which  account  they  are  not  genf 
rally  so  well  calculated  for  propagation  as  species-hybrids.1 

It  is  easily  understood  that  agriculture,  and  especij 
horticulture,  takes  advantage  of  these  peculiarities  in  ord 
to  call  into  existence  varieties  of  plants  cidtivated  for  th^ 
usefulness  or  their  beauty. 

The  subject  of  fertilisation  is  incomplete  withoEt  a  descriptic 
Ihe  mode  of  reproduction  of  Cryptogams  by  inenns  of  oosptieres.    B 
an  Bccount  of  the  very  numerous  modifications  of  this  process 
necessarily  be  given  urderlhe  separale  clasacs,  the  whole  subject  is  d 
ierred  till  the  section  on  classification. 


PHENOMENA  OF  MOVEMENT. 


Motion  is  an  essential  condition  of  life.  The  plal^ 
refore,  like  the  animal,  exhibits  phenomena  of  motiott? 
;but  since  the  former  finds  conditions  suitable  for  existence 
on  all  sides,  these  phenomena  are  in  general  less  strongly 
manifested  than  in  the  case  of  the  latter.  It  is  not  neces- 
sary here  to  allude  to  those  movements  of  a  passive 
.character  which  the  plant  performs  under  the  influence  of 
wind  or  wave,  or  when  bent  to  the  ground  beneath  the 
weight  of  its  fruit,  rising  again  subsequently  to  an  erect 
position ;  in  short,  to  those  movements  which  are  imparted 
to  it  by  the  obvious  action  of  mechanical  forces.  Those 
only  will  be  referred  to  which  are  inseparable  from  life, 
and  are  a  direct  result  of  the  vital  processes. 

It  K  impossible  to  give  a  minute  account  of  all  these  various  pheno- 
;  but  ihey  will  at  least  be  mode  somewhat  more 
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intelligible  bf  observing  those  forces  which  are  inherent  in  plants  Iron) 
the  mode  of  their  consliuction  out  of  cells,  as  well  as  from  the  molecular 
structure  of  their  ot^iuiised  parts. 

Cheioical  processes  in  the  interior  of  llie  growing  structure  are  always 
connected  with  growth  by  intussusception,  as  this  process  has  already 
been  described  (see  p.  15).  Thus  the  nutrient  fluid  which  forces  its 
way  into  the  cells  from  without  by  the  action  of  osmose,  contains,  it  is 
tme,  material  for  the  formation  of  molecules  of  a  definite  chemical 
composition  ;  but  this  material  is  chemically  dUTerEnt  tiom  tbe  molecules, 
which  it  nourishes.  Thus  starch-grains  are  produced  out  of  a  iJuid 
which  does  not  contain  any  starch  in  solution;  the  cell-wall  is  formed 
by  the  secretion  of  substances  out  of  the  protoplasm  which  are  not 
dissolved  cellulose  ;  the  colouring  mailer  of  the  chlorophyll  is  first 
formed  in  the  interior  of  the  chlorophyll-bodies,  &c.  Growth  by  intus- 
susception is  therefore  connected  not  only  with  a  continual  dLsturbance 
of  molecular  equilibrium,  but  also  with  chemicil  processes  in  the  in- 
terior of  the  growing  structure.  Chemical  combinations  of  the  most 
character  mnst  therefore  take  place  between  the  molecules  of  the 
(aganised  body,  and  act  and  react  upon  one  another. 

In  that  growth  can  only  take  place  so  long  as  the  growing 

:parts  of  the  cell  ate  permeated  by  atmospheric  air,  and  that  the  oxygen 

€)f  the  atmosphere  decomposes  the  cotnpounds  within  the  organised 

The  formation  and  evolntion  of  carbon  dioxide  is  therefore  a 

iccompaniment  of  growth. ;  and  not  only  is  the  efjuilibriiun. 

of  chemical  forces  thus  being  continually  disturbed,  but  beat  is  also 

necessarily  produced,  and  electrical  action  may   perhaps   also  come 

play. 

By  the  chemical  processes  which  have  been  partially  described  in 
il  when  treating  of  nutrition,  by  the  influence  of  heat,  and  perhaps 
liy  electrical  action,  forces  of  considerable  magnitude  are  set  free 
in  the  interior  of  the  plant,  which  set  in  motion  its  smallest  particles 
(atoms  or  molecules),  and  thus  represent  a  definite  amount  of  work 
within  the  growing  organised  bndy,  which  is  probably  often  enormous.' 
And  herein  we  have  an  essential  characteristic  of  all  organisation  and  of 

I  '  See  p.  167,  on  the  process  of  respiration. 

\  '  The  temperature  of  dry  grains  of  starch,  when  they  absorb  water 

\  of  the  same  temperature,  rises  2°  or  3°  C. ;  while  boiling  water  ii  only 
raised  in  temperature  about  0-078°  C,  by  a  pressure  of  ten  atmospheres. 
Since,  as  experiment  has  shown,  the  ri^e  in  temperature  on  absorption 
depends  on  an  increase  in  density  of  the  water,  these  statements  will 
givescane  idea  of  the  enormous  force  with  which  the  absorpti       '  ' 
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life,  vii.  that  organised  sttuclures  are  capable  of  a  continual  internal 
change  ;  and  that  so  long  as  they  ore  in  contact  with  water  and  with 
atmospheric  air,  only  a  portion  of  their  forces  can  be  in  equtlibriMii  in 
their  interior;  in  short,  that  they  ore  in  continual  internal  movement. 
'L'be  whole  organism  forms,  therefore,  a  framework,  between  and  in  the 
molecules  of  which  forces  are  constantly  being  set  free  by  chemical 
changes,  which  forces  again  occasion  further  changes.  This  is  essen- 
tially dependent  on  the  peculiar  molecular  structure  which  allows  that  at 
every  point  in  the  interior  substances  penetrate  from  without  ond  are 
absoriied  in  the  liquid  or  gaseous  state,  and  can  again  be  expelled.  This 
internal  changeableness  attains  its  highest  grade  in  the  chlorophyll-bodies 
and  the  protoplasm.  In  the  former,  chemical  changes  take  place  with 
great  eriei^  and  force  under  tlie  influence  of  light,  such  as  Che  formalioa 
of  the  green  colouring  matter  and  of  starch  ;  while  the  absence  of  light 
at  once  sets  up  other  cheinical  processes,  which  terminate  only  with  the 
complete  destruction  of  the  whole  of  the  chlorophyll- body. 

Besides  the  cheinical  and  physical  forces,  others  are  also  set  free  in 
plants  by  the  mutual  action  on  one  another  of  their  cells,  which  are 

lifested  in  a  leasion  of  the  tissues  or  of  the  cells  with  respect  to  one 

Every  part  of  the  plant  consists  of  external  and  internal  layers  whose 
iwth  proceeds,  at  lea=l  for  a  time,  with  a  different  rapidity  in  the 
direction.     A  necessary  consequence  of  this  unequal   energy  ol 
growth  is  B  corresponding  tension  of  the  different  layers  with  respect  to 
one  lUiother;  because  those  which  are  growing  more  quickly  are  prevented 
from  expanding  as  much  as  their  growth  requires,  and  hence  exercise  a 
pressure  on  the  layers  that  grow   more  slowly,  which  these  seek  to 
counteract  by  their  elasticity.     Sacb  tensions  of  the  layers  caused  by 
tineijual  growth  may  slill  continue  after  growth  has  ceased ;  hut  Ihey  may 
also  be  destroyed  by  a  change  in  the  reklive  rates  of  growth,     llie 
:istence  and  the  nature  of  the  tension  con  be  easily  shown  by  sepa- 
ihe  layers  from  one  another ;   those  which  had  grown  more 
ickly,  and  were  therefore  previously  compressed,  wil!  espand  ;  those 
rhich  had  grovm  more  slowly  and  which  were  therefore  pieviously 
etched  to  more  than  iheir  natural  length,  will  now  contract  elaslicttUy; 
imer  become  longer,  the  latter  shorter,  than  before  their  separa- 
A  partial  separation  of  the  tissues  is  often  sufficient  to  show 
If,  for  example,  any  rapidly  growing  stem  is  cut  lon^tudinalty 
into  four  pieces  cross-wise,  the  pieces  curve  concavely  outwards  and 
convexiy  on  their  inner  side.  In  consequence  of  Che  internal  layers  ex- 
lending  while  the  outer  loyers  contract.     These  tensions  ciMaeft. "« 
'(pnequal  growth  in  length  of  difTevenl  Uyets  ol  fc-ivic  a.«.  i;\m!(1 
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direction  of  Ihe  ajcia  of  the  growing  structure,  nnd  are  therefore  callrf 
lattgiUldinal  UnHoHS.  But  when,  after  growth  in  length  has  ceased,  a 
permanent  lncrc.i«i  in  thickne^  lakes  place,  as  for  instance  in  the  case 
of  the  stems  of  forest-trees,  then  lliis  increase  in  thickness  is  accoinpunied 
by  a  Iramvftse  ImHou  in  llie  radial  and  tanf^entini  directions.  This  is 
generally  caused  by  the  cortical  tissue  growing  more  slowly  than  the 
wi>od;  and  Ibis,  as  ha,;  already  been  shou'n,  causes  the  bark  to  become- 
loo  small  for  the  wood,  and  hence  to  compress  it  considerably  ;  no  in- 
considerable pressure  being  exerted,  on  the  other  hand,  by  the  wood  on 
Ihe  tmrk.  This  can  lie  easily  shown  by  stripping  a  ring  of  bark  from  a 
^^  stem,  and  slitting  it  up  one  side,  wben  it  contracts,  and  will  no  longer 
^^^    enclose  the  wood,  its  edges  gaping  apart. 

^^V  Tensions  of  different  layers  do  not  occur  only  in  tissues,  but  also  in 

^^K  the  cell'Walls  of  individual  cells  ;  and  it  is  then  usually  the  oatermost 
^^E-  layers  of  the  cell-wall  which  are  stretched  by  tbe  inner  ones,  while 
^^^Lthe<e  latter  are  correspondingly  cumpressed  by  the  elasticity  of  the  outer 
^^Blayer^. 

^^^H        The  furgidily  of  tbe  cell,  or  the  pressure  exercised  by  the  cell-s^ 
^^Kr-on  the  enveloping  cell-wall,  must  be  carefully  distinguished  from  the 
^^^H  tension  of  (he  layers  of  tissue.     Turgidity  i^  caused  by  the  suhilances 
^^^B  dissolved  in   Ihe  cell-sap  attracting   the  water   which   surrounds  the 
^^^B  Ceil  by  the  force  of  endosmose  ;  the  water  accumulates  within  tbe  cell- 
^^^H  cavity  by  endosmatic  attraction,  and,  exerting  a  pressure  on  the  inside  of 
^^^B  tbe  cell-wall,  places  it  in.  a  condition  of  greater  or  less  tension. 
^^^B       The  Rnal  result  of  tbe  growth  of  the  cell-wall  caused  by  the  various 
^^F  ibrces  eniimemted — its  extensibility  and  elasticity,  and  the  turgidity  of 
tht!  cell— is  a  measure  of  the  rigidity  or  flaccidity  of  the  plant  or  part  of 
the  plant.     Tbe  total  tension,  for  instance,  is  diminished,  and  the  part 
becomes  more  flexible,  wben  the  turgidity  decreases  from  loss  of  water, 
or  when  the  elasticity  of  the  stretched  cell-walls  diminishes,  or  when  the 
cell- walls  become  more  extensible,  or,  finally,  when  the  inequality  of  the 
growth  of  Ihe  different  layers  of  tissue  diminishes.     When  a  change 
of  this  kind  lakes  place  on  all  sides,  the  part  of  the  plant  will   be- 
ar longer  according  as  the  tension  diminishes  or  increases ; 
m  but  if  it  takes  place  on  one  side  only,  a  corre.iponding  curvature  is 
ficsuscd. 

To  complete  the  account  of  the  forces  at  work  in  the  plant,  we  must 

those  already  mentioned,  which  are  peculiar  to  the  molecular 

structure  of  their  organised  parts  and  to  the  phenomena  of  tension, 

others  which  are  set  free  by  the  movement  of  water  and  of  gases  within 

^  Ibe /ilant.     Siifiicient  reference  ho-=  already  been  made  to  the  former 

^uidcr  Uic  head  of  nutrition.     The  Unet  c\u.=5  d1  m.i-Jeme\i\.'i  a  easily 
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Il^plained  by  Ihe  continual  interchange,  through  the  medium  of  the 
Itomata,  of  the  gn^e^  formed  in  the  intercellulu  spaces  with  the  external 
tir,  and  by  the  fact  that  in  growing  plants  gases  are  continually  passing 
In  and  out  of  the  cells  by  the  force  of  diffusion.  A  large  number  of 
very  remarkable  movements  of  plants  and  of  parts  of  plants  ore  at  least 
to  some  extent  explained  by  the  co-operation  of  these  forces;  but  a 
large  number  of  others  still  require  further  [nvestiealion. 

»The  wonderful  properties  of  protoplasm,  to  which  atten- 
tion has  already  been  directed,  culminate  in  its  spontaneous 
tnotility,  in  its  capacity  of  assuming  differeTit  forms,  of 
changing  its  outline  and  its  internal  condition,  and  of  thus 
calling  into  activity  internal  forces  without  any  correspond- 
ing impulses  being  observed  to  act  upon  it  from  n-ithout. 
Cood  examples  of  this  capacity  are  afforded  by  the  circu- 

ttion  which  occurs  in  the  filaments  of  the  stamens  of 
■Tradescantia,  the  stinging- hairs  of  the  nettle,  &c  The 
movement  of  the  protoplasm  in  these  cells  is  apparently  not 
subject  to  any  definite  law,  sometimes  advancing,  sometimes 
retreating,  and  sometimes  suddenly  ceasing.  The  proto- 
plasm often  makes  for  itself  new  courses  in  the  cell-aap  ;  but 
its  motion  appears  to  be  dependent  on  the  nucleus,  round 
which  it  always  flows,  and  often  carries  it  along  with  it,  ^Vhen 
the  protoplasm  within  a  cell  possesses  this  power  of  motility, 
it  is  not  extraordinary  that  cells  destitute  of  a  cell-wall  (pri- 
mordial cells)  should  have  the  power  of  moving  from  place 
to  place  ;  and,  in  fact,  the  naked  primordial  cells  of  the 
Myxomycetes,  which  are  termed  Plasmodia,  are  endowed 
with  the  faculty  of  moving  like  an  animal,  and  even,  in  the 
case  oij^thalium — the  so-called  'flowers  of  tan' — of  creeping 
to  the  distance  or  height  of  several  feet,  as  if  endowed  with 
voluntary  power,  It  is,  therefore,  not  to  be  wondered  at 
that  even  till  quite  recently  these  organisms  were  considered 
to  be  animals ;  while  at  present  they  are  assigned  to  an 
abnormal  section  of  Fungi,  to  which  class  they  are  allied  by 
the  mode  of  formation  of  their  spores.  The  rapidity  of  these; 

streaming'  movements  varies  greatly  ■,\ltf;'Kv^xvH\ww\3.^''^^^» 
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to  occur  vaDidymium  Sr^tt/a,  wherearate  of  lomillimetreB 
in  a  minute  has  been  observed. 

The  antherosoids  and  zoospores  (swarraspores)  of  many 

Cryptogams  were  long  considered  to  belong  to  the  animal 

kingdom ;  and  they  actually  show  so  close  a  reserablance  to 

animals  that  they  might  well  have  been  described  as  plants 

at  the  moment  of  their  transformation  into  animals.     The 

zoospores  of  Algte  are  particles  of  protoplasm  which  break 

through  the  walls  of  the  cells  in  which  they  are  formed,  and 

^^  swim  about  for  a  time  in  water  like  animals.     It  is  only 

^K^nce  it  has  been  ascertained  that  they  give  birth,  after  a 

^H«horter  or  longer  period  of  rest,  to  a  plant  of  the  same  spedes 

^^ftjis  that  from  which  they  sprang,  that  their  vegetable  niCtugft' 
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has  been  absolutely  determined.  The  internal  forces  by 
whichtheseK003pores(Fig.  386,  p.  254),  and  the  antherozoids 
(Fig.  371)  which  are  endowed  with  motion  of  a  similar  natUE^ 

I  are  enabled  to  perform  their  movements,  are  still  tmknown ; 

I  'but  they  are  certainly  connected  with  the  vibratile  cilia,  or 
minute  threads  of  protoplasm  of  different  lengths  and  vari- 
able number,  the  vibrations  of  which  set  the  body  in  motion. 
But  it  must  be  admitted  to  be  a  most  wonderful  contrivance 
for  the  maintenance  and  propagation  of  a  number  of  vege- 
table organisms. 

Neither  zoospores  nor  antherozoids  are  provided  with  a 
cell-wall— or,  at  all  events,  with  only  an  extremely  delicate 
one — during  their  period  of  motility.  Still  more  remarkable 
than  these  must,  therefore,  be  considered  the  movements  of 
ithe  Diatomaceae,  [Desmidie^],  OscillatorieEe,  Bacteria,  and 
some  other  oiganisms  which  are  enclosed  in.  a  complete'    ^^ 
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wall,  or  even  in  a  hard  siliceous  coating,  as  in  the  case 
of  the  Diatomaceae.  The  Oscillatorieie  consist  of  long 
filaments  which  often  oscillate  rapidly  ;  and  the  Spirulinece 
filaments  of  similar  form  which  coil  about  in  a  great 
■iety  of  ways.  The  cause  of  their  movements  has  not 
len  ascertained. 
Circumnutation  is  the  term  given  to  those  curvatures 
which  cause  parts  of  plants  that  are  growing  in  length  to 
assume  successively  different  directions  without  any  apparent 
external  cause.  Examples  are  furnished  by  the  flowering 
scapes  of  the  onion,  which,  before  they  attain  their  ultimate 
length,  bend  slowly  first  to  one  side  and  then  to  another  ;  or, 
stiil  better,  by  climbing  stems.  In  these,  such  as  the  hop 
and  the  scarlet- runner,  the  first  internodes  do  not  twine  ; 
but  when  the  apex,  of  tfie  stem  hangs  dowr  in  consequence 
of  its  weight,  it  begins  to  revolve  in  a  circle,  and  thus  to 
iproach  the  support  which  it  afterwards  embraces.  The 
rliL-r  coils  are  hence  looser  than  the  later  ones,  which 
.brace  the  support  more  closely.  These  curvatures  of 
n  appear,  in  general,  to  take  place  al  the  spots 
where  the  tension  of  the  tissues  is  the  greatest,  and  to  be 
caused  by  the  growth  in  length  being  greatest  first  on  one 
id  then  on  the  other  side.  The  twining  of  tendrils  is  due 
similar  property  of  circumnutation,  combined  with  a 
itiveness  to  be  mentioned  hereafter. 
Parts  of  plants  which  are  growing  in  length  sometimts 
become,  by  long-continued  close  contact  with  a  solid  body, 
firmly  attached  or  adherent  to  it.  Instances  are  afforded 
in  the  adhesion  of  pollen  tubes  to  the  stigmatic  hairs  and  to 
(he  internal  wall  of  the  ovary  ;  and  in  the  climbing  and  turn- 
ing of  the  tendrils  of  many  plants  round  slender  supports. 

Tissues  in  a  state  of  tension  become  relaxed  by  con- 
cussion. Parts  of  a  great  number  of  plants,  when  in  a  state 
of  active  growth,  undergo  a  diminution  of  the  elasticity  of 
their  tense  tissues  by  violent  shaking,  repeated  bendiugf,  a. 
on  one  side,  or  sometimes  evtn  s\to?\^  \i'i  '5M'*.'aM^■^ 
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the  tissues  thus  becoming  flaccid,  and  the  parts  becom- 
ing elongated  and  bent  These  facts  can  easily  be 
established  by  experiment,  very  clearly  by  simple  observa- 
tion of  rapidly  growing  planls  shaken  by  violent  winds, 
when,  though  apparently  injured,  they  are  not  generally  so 
in  reality.  In  other  cases  of  a  similar  kind  the  extensibility 
of  the  parenchyma  is  diminished,  and  a  flaccidity,  shorten- 
I  ing,  and  curvature  of  the  organs  occasioned.  These  changes- 
e  probably  the  cause  of  the  movements  of  irritnbility,  as- 
is  termed,  of  some  leaves;  although  these  phenomena 
may  also  be  due  toother  causes,  such  as  electrical  shocks  or 
currents.     The  most  remarkable  instance  occurs  in  the  leaves- 

»  of  the  sensitive  plant.  Mimosa  pndica.  The  bipinnate  leaves 
of  this  plant  are  united  to  the  stem  by  an  articulation,  as 
also  are  the  four  pinnce  and  the  separate  leaflets  to  their 
petioles  (see  Fig.  5 1 7,  p.  403).  The  primary  petiole  has  the 
greatest  scope  for  movement,  since  it  can  rise  or  faJl  tt> 
the  extent  of  a  semicircle.  The  pinnje  move  I'pwards  and 
laterally,  so  that  they  lie  upon  one  another  like  parts  of  a 

■  fan.  The  secondary  pinnules  move  upwards,  and  close  up 
like  the  wings  of  a  butterfly  at  rest.  The  sensitive  plant 
closes  its  leaves  spontaneously  in  the  evening,  and  also  in 
the  day-time  when  excited  by  any  irritation.  This  irri- 
tability is  only  manifested  when  the  temperature  of  the 
surrounding  air  is  above  15^  C  ;  it  is  still  weak  between  16" 
and  18°,  and  appears  to  reach  its  maximum  at  30°  C.     At 

»that  temperature  the  plant  is  so  sensitive  that  the  move- 
ment is  communicated  to  a  number  of  leaflets  almost  simul- 
taneously; while,  when  the  sensitiveness  is  less,  the  move- 
ment advances  regularly  from  the  irritated  spot.  The 
dosed  leaflets  again  assume  their  normal  position  when  the 
irritation  ceases,  if  it  has  not  been  too  strong  and  conse- 
quently had  an  injurious  effect ;  and  this  takes  place  sooner 
or  later  according  to  the  vigour  of  the  plant,  commencing: 
sometimes  in  as  short  a  time  as  five  minutes.  Poisons 
^^— often  kill  the  sensitive  plant;  anK^'Lhedcs,  ^wch  as  ether 
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or  chloroform,  usually  temporarily  paralyse  it ;  and  ccn- 
stant  repetition  of  tlte  irritation  is  followed  by  a  diminution 
for  a  time  of  its  sensitiveness.  It  is  probable  that  the  tissue- 
of  the  lower  side  of  the  pulvinus,  or  mass  of  succulent  tissue 
found  at  the  articulation,  contracts  after  irritation  such  as 
that  produced  by  simple  contact,  its  cells  losing  a  large 
portion  of  their  cell-sap,  and  thus  becoming  less  turgid, 
and  giving  space  for  the  expansion  of  the  tissue  of  the 
upper  side,  A  depression  is  thus  caused  of  the  leaf  which 
is  attached  to  the  articulation  ;  and  this  is  not  counteracted 
by  the  vascular  bundles  in  the  pulvinus  in  consequence  of 
their  flexibility.  A  fresh  flow  of  sap  into  the  part  of  the 
tissue  which  was  previously  emptied  then  causes  a  fresh, 
elevation  of  the  leaf.  [There  can  be  little  doubt  that  t 
motility  of  the  leaves  of  Mimosa  is  connected  with  the  coid 
tinuity  of  protoplasm  recently  discovered  in  the  cells  of  thi 
motile  organ.] 

Venus's  fly-trap,  Dionaa  muscipula  (Fig.  372),  manife^ 
a  similar  irritability.  On  each  half  of  the  upper  side  of  thS 
leaf,  through  which  passes  a  strong  mid-rib,  are  three  small 
bristies ;  and  when  one  of  these  brisdes  is  irritated,  the  two 
halves  of  the  leaf  close  together,  and  remain  closed  until  the 
irritation  has  ceased.  If,  therefore,  a  small  insect,  such  as 
a  fly,  settles  upon  the  leaf,  it  becomes  shut  in,  and  is  retained 
between  the  halves  of  the  leaf  until  it  is  dead  and  no  longer 
exercises  any  irritation  upon  iL  One  of  the  best  examples 
of  irritability  is  furnished  by  the  various  species  of  Drostn 
or  sundew,  The  margin  and  upper  side  of  the  leaf  a 
furnished  with  numerous  red  glandular  hairs  or  '  tentacles 
The  club-shaped  head  of  these  hairs  exudes  a  viscid  fluid 
in  which  any  insect  that  alights  on  the  leaf  becomes  'aa 
prisoned.  As  soon  as  the  insect  is  captured,  the  tentaclq 
begin  to  bend  over  from  all  sides  towards  it,  until  it  is  coig 
pletely  enclosed  by  the  club-shaped  heads  of  all  the  tentacla 
of  the  leaf.  There  can  be  no  doubt  that  the  object  of  thf 
movements,  both  in  this  case  and  in  thai  oi  DiontEa,v 
digestion  of  the  soft  portions  of  the  bod-j  Q^  \V&  TO.^.e.w.'^ST 


s  of  special  glands,  since  the  movements  are  accotn-  ' 
panied   by  the   excretion  of  a  digestive  ferment  identical 
with  animal  pepsin ;   and  experiments  have  proved  that] 


plants  provided  with  food  of  this  nature  flourish  better  and 
y  produce  a  larger  number  of  seeds  than  feost  ■w\i«5a  &Kra& 
i  their  nutriment  through  the  root  oriV^.     An'j  s\is.\a.\ice.  «m^ 
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taining  nitrogen  serves  to  stimulate  the  movements  of  th( 
tentacles  of  Drosera. 

The  stamens  of  many  Composite,  such  as  Ceniaurti 
contract  when  irritated  before  pollination.  The  stamens  of 
Berberis,  when  touched  on  the  inner  side,  spring  violently 
against  the  pistil,  and  place  their  anthers  in  contact  with  the 
stigma.  The  stamens  of  the  grass  of  Parnassus,  Parnassiam 
palmtris,  lengthen  in  succession,  and  place  their  anthers  o(( 
the  stigma. 

The  stigmas  of  some  plants,  as  Bignoniu,  Gratiola"^ 
Martinia,  [Mimulus\  &c.,  which  are  expanded  at  the  time 
of  pollination,  close  on  contact.  A  similar  phenomenon  is 
exhibited  by  the  stigmas  of  Torenia  asiatica,  which  close 
immediately  after  pollination,  open  again  in  a  few  days,  but 
are  then  insensitive  to  further  contact.  Movements  of  this 
nature  are  all  closely  connected  with  the  sustenance  and 
propagation  of  the  plant  ~ 

Closely  connected  with  these  movements  are  those  t 
longing  to  tendrils  and  tendril-like  organs.     In  their  ear 
state,  before  they  have  coiled  up  backwards  or  have  clung'^ 
to  a  support,  these  organs  are  sensitive  to  simple  and  slight 
contact  or  to  very  light  rubbing,  the  side  on  which  they  are 
touched  becoming,  after  some  minutes,  concavely  curved.— 
The  bent  tendril  subsequently  straightens  itself,  and  is  the| 
again  irritable.     Bent  tendrils  are  sensitive  only  on  the  c 
cave  side. 

Those  parts  of  plants  in  which  there  is  generally  a 
sion  of  the  tissues  exhibit  a  constant  increase  and  decrea 
in  the  degree  of  tension.  Under  the  ordinary  conditions  0 
life,  in  which  plants  are  subject  to  the  alternation  of  day " 
and  night,  the  intensity  of  the  tension  declines  from  morn- 
ing till  noon,  and  rises  during  the  night,  attaining  its  maxi- 
mum in  the  morning.  The  most  beautiful  illustration  of  a 
movement  of  this  nature,  and  the  most  independent  of  ex- 
ternal influence,  is  furnished  by  the  telegraph -plant,  Dis- 
idium  gyrans,  a  southern  Asiatic  E\\r\ib.    T^e.  \eane^  "A 

plant  are  triTohoIate,  the  ceT\tra\  ani  \at?,e?.i.  o^  *^e:  •Orae-c 
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leaflets  moving  only  in  sunshine,  and  assuming  besides 
different  positions  by  day  and  by  niglit ;  while  tlie  lateral 
leaflets,  which  are  about  one-sixth  the  size  of  the  middle 
one,  perform  almost  uninterrupted  oscillations  whenever 
the  temperature  exceeds  22°  C.,  their  apices  describing  an 
-ellipse.     These   oscillations,  which  are   often    very  active, 

3  as  to  recur  several  times  in  a  minute,  do  not,  however, 
proceed  uninterruptedly,  but  spasmodically,  as  if  the  plant 
were  continually  acquiring  new  strength,  or  overcoming  an 
obstacle.  Other  species  of  the  same  genus  show  similar  but 
less  active  movements.  These  movements  always  result 
from  a  periodical  alternate  lengthening  and  shortening,  first 
ne,  then  of  the  other  side  of  the  motile  organ.  Similar 
movements,  but  of  less  intensity,  are  exhibited  by  the  leaflets 
•of  the  red  clover,  the  wood-sorrel,  and  many  other  plants. 
Those  of  the  red  clover  alter  their  position  by  as  much  as  go" 
in  the  course  of  two  or  three  hours,  when  placed  in  the  dark. 
Periodica!  movements  are  manifested  in  many  other 
plants,  especially  in  a  strong  curving  upwards  and  down- 
ds  of  the  part,  and  then  bring  about  what  are  commonly 
known  as  the  diurnal  and  noclurnal,  or  waking  and  sleeping 
positions.  These  phenomena  are  exhibited  especially  in 
the  trifoliolate  and  pinnate  leaves  of  many  Leguminoste  and 
Oxalidere,  which  at  night  depress  their  common  petioles  or 
the  latninse  of  the  leaflets,  the  latter  lying  or  closing  upon 
one  another  in  a  variety  of  ways.  The  flowers  of  some 
■other  plants,  as,  for  instance,  Hemiroeallis,  close  regularly 

1  the  evening,  and  open  in  the  morning.  Others,  again, 
like  the  marigold,  vary  according  to  the  weather  ;  in  clear, 
dry  weather,  they  expand  their  capitula  between  six  and 
eight  in  the  morning,  and  close  them  between  four  and  six 

1  the  afternoon  ;  whilst  when  the  sky  is  perfectly  cloudy, 

r  in  rainy  weather,  they  remain  altogether  closed. 

These  periodical  movements  are  often  confounded  with 

the  curvatures  of  periodically  motile  organs,  caused  by  their 

'  exposure  altermtely  to  a  greater  and  less  vntensitY  of  light. 

■JTAuj;   for  example,  sudden  removaV  ot  \\^^  caviaa^  •ftve 
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leaflets  of  the  bean  to  be  depressed,  those  of  the  clover  to 
be  bent  sideways;  while  sudden  exposure  to  light,  c 
crease  in  its  intensity,  produces  the  opposite  effect.  The 
leaves  of  O.xalis,  on  the  other  hand,  assume  the  nocturnal 
position  in  direct  sunlight.  Curvatures  of  this  nature, 
«:aused  by  light,  are  osiX^eA  paratonic. 

While  paratonic  curvatures  are  caused  only  by  the  pre- 
sence or  absence  of  light,  and  are  independent  of  the  direc- 
tion in  which  the  light  falls  upon  the  plant,  the  contrary  is 
tiie  case  with  hdiotrapie  curvatures,  which  occur  only  on  the 
side  from  which  the  strongest  illumination  comes.  If  the 
side  which  faces  the  source  of  light  curves  concavely,  the 
effort  after  light,  or  hfliotropism,  is  said  to  be  posilive;  if 
convexly,  it  is  negative.  The  former  phenomenon  is  ex- 
hibited by  most  internodes  of  erect  stems  which  are  in  ac- 
tive growth,  and  especially  by  petioles,  which  by  this  means 
place  the  surface  of  the  leaf  in  such  a  position  that  it  will 
receive  the  greatest  possible  amount  of  light.  It  may  be 
seen  very  strikingly  in  plants  grown  in  a  window,  which  at 
length  become  quite  crooked,  from  their  young  parts  which 
face  the  light  becoming  rigid  in  this  position.  Com- 
paratively few  parts  of  plants  are  negatively  heliotropic  \ 
examples  occur  in  the  tendrils  of  the  grape-vine,  and  in 
older  branches  of  the  ivy,  which  by  this  means  become 
firmly  adpressed  to  their  support.  Heliotropic  curvature 
does  not  contract  the  part  of  the  plant ;  but  in  positive 
htjliotropism  the  shaded  side  elongates  from  more  active 
growth  more  rapidly  than  the  side  which  faces  the  light ;  [in 
negative  heliotropism  the  reverse]. 

One  other  phenomenon  must  be  mentioned  in  this  con- 
nection, viz.,  that  known  as  geotropism,  or  the  tendency  to 
grow  away  from  or  towards  the  centre  of  the  earth.  Parts 
of  plants  which  are  still  growing  in  length  tend  to  place 
themselves  in  such  a  position  that  the  direction  of  their 
growth  is  vertical,  or  coincides  with  the  direction  of  \Vve, 
_  .fbrce  of  gravitation.     If  the  growing  \ia.n.  c; 


r 
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in  which  there  is  no  tension,  as  is  the  case  with  roots,  it  will 
ply  follow  the  direction  of  gravitation,  and  its  apex  will 
direct  itself  vertically  downwards.  But  when  the  growing  part 
consists  of  layers  of  tissue  in  a  state  of  tension,  a  change 
lakes  place  in  the  tension  of  the  tissues  and  in  the  direction 
of  growth,  which  causes  the  under  side  of  the  curved  part 
to  grow  more  \-igoroiisly  than  the  upper  side,  and  conse- 
quently tends  to  force  the  apex  upwards.  The  erect  growth 
of  most  stems  is  a  result  of  this  force  of  geotropism. 


GENERAL  CONDITIONS  OF   PLANT-LIFE. ' 

Very  little  is  at  present  known  with  regard  to  the  general 
of  plants  as  respects  heat ;  for  example,  with  re- 
gard to  [heir  power  of  conducting  heat,  or  to  the  changes 
in  volume  of  masses  of  tissue  and  individual  cells  through, 
the  influence  of  temperature  ;  but  somewhat  more  on  the 
influence  of  different  degrees  of  temperature  on  the  various 
vital  phenomena  of  plants.  On  this  point  the  following 
important  laws  have  been  established  : — All  functions  of  the 
organs  of  a  plant  are  brought  into  play  only  when  the  tem- 
perature rises  to  a  certain  height  above  the  freezing-point  of 
the  sap.  When  the  temperature  begins  to  rise  above  this 
lower  limit,  the  functions  begin  to  be  exercised  with  an 
increasingly  greater  energy,  until  at  a  certain  height  the 
point  of  the  greatest  vital  activity  is  attained.  With  a 
further  increase  of  temperature  above  this  point,  both  the 
rapidity  and  the  energy  of  the  functions  again  decrease, 
until,  at  length,  they  completely  cease  at  a  definite  maxi- 
mum of  temperature,  which  can  apparently  never  be  cer- 
manently  higher  than  50°  C. 

Benealh  a  covering  of  snow,  or  at  a  temperature  below  zero  C, 
BCaicely anything ^Tows.  Tliefewperennial plants whichblossomwilhnasn 

n  from  Sachs's  'Dxtboak  of  Botany^ 
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llie  winter,  as  the  Christmas  rose  and  hepaticn,  freeze  when  the  tempera- 
lure  falls  below  zero  at  any  stage  of  their  growth,  which  begins  again 
as  soon  as  they  ihaw.  The  cKtraordioarily  rapid  growth  of  Alpioe 
and  Arctic  plants  in  spring  depends  on  a  long  anterior  development  of 
their  floral  organs  in  the  preceding  autnmn.  The  green  sods  and  the 
great  number  of  leafy  plants  which  appear  as  soon  as  snow  melts,  only 
show  that  the  number  of  evergreen  plants  is  larger  than  is  generally 
supposed.  Growth  is  entirely  dependent  on  the  temperature  of  the 
atmosphere ;  hence  the  blooming  of  willows  and  rhododendions  whose 
tool:!  and  stems  are  Still  frozen,  as  well  as  the  development  of  the  so-called 
'  red  snow,"  Palmella  nvvalis,  on  the  surface  of  the  snow.  Neither 
the  lowest  nor  the  highest  temperature  at  wtiich  plants  can  exist  has  yet 
been  determined.  It  would  appear,  however,  that  water  must  not  be 
above  40°  C.  for  plants  to  be  able  to  live  in  it.  Plants  living  in  the 
air,  on  the  other  hand,  will  endure  for  some  lime  a  temperature  of  (rom 
48"  to  49=  C.  ;  at  51°  they  are  killed  in  from  10  to  30  minutes.' 

The  growth  of  the  embryo  at  the  expense  of  the  reserve-materials 
stored  up  in  it,  begins,  with  wheat  and  barley,  at  about  5'  C.  ;  with 
Ihe  scarlet- runner  and  maize  at  9° '4;  «-ith  the  pumpkin,  Cucurbita  Ptpo, 
not  below  13°"7  C.  But  when  the  reserve -materials  have  been  con- 
sumed, a  higher  temperature  is  apparently  always  necessary  10  enable 
growth  lo  proceed  by  means  of  freshly  assimilated  material.  The 
highest  temperature  at  which  germination  can  take  place  is  about 
42°  C.  for  the  scarlet-runner,  maize,  and  pumpkin  ;  37°  to  38°  C.  for 
wheat,  barley,  and  peas. 

'ITie  lowest  temperature  at  which  the  chlorophyll.bodies  turn  green 
is  above  6"  C.  in  the  scarlet -runner  and  maize ;  between  7°  and  1 1' 
C,  for  Pima  pinia ;  and  the  highest  at  which  leaves  already  formed 
and  still  yellow  turn  green  is  above  33°  C.  The  cold  of  winter  often 
occasions  a  winter-colouring  in  evergreen  plants.  This  is  caused :  (1) 
by  a  brown  colouring,  in  consequence  of  a  peculiar  transformation  of  the 
blue-green  constituent  of  chlorophyll,  as  in  Conifen  and  the  bon  ; 
(zj  by  a  red  colouring,  in  consequence  of  the  formation  of  a  red  pig- 
ment soluble  in  water  and  imbedded  in  balls  of  tannin,  as  in  A/aioitia; 
(3)  hy  a  change  in  colour  of  the  chlorophyll  itself  by  the  shifting  and 
collecting  into  masses  of  the  grains  of  chlorophyll ;  this  occurs  in  all 
plants.     A  higher  temperature  restores  the  normal  condition. 

The  exhalation  of  Dx^;en  and  consequent  assimilation  b^n,   in 

'  f  A  few  AlgK  of  low  organisation  appear  to  be  able  to  withstand  a 
temperature  of  nearly  or  quite  boiling  water  ;  as  do  islsQ  stntie  "?Msi^ 
Badetia,  and  fuDgus-spotes.  — EdJ.  -^ 
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case  oi  Felamosftati,  between  10°  and  15°  C;  in  Valliinena  above 

The  sensitiveness  and  periodical  movements  of  the  leaves  of  the 

litivc  plant  do  not  begin  till  the  temperature  or  the  surroundinE  air 
exceeds  l^"  C.  ;  the  rapid  periodical  movements  of  the  lateral  leaflets 
of  the  leaf  of  Desiiiodiaia  gyrant  only  at  a  temperature  above  w"  C. 

!  action  of  higher  temperatures  on  tlie  sensitiveness  of  the  leaves 
of  Mimaia  depends  on  the  continuance  of  the  warmtli ;  in  air  of  46"* 
C.  they  become  rigid  within  an  hour  ;  at  45°  C.  within  half  an  hottr  ; 
It  50°  C.  in  a  few  minutes,  but  may  again  become  sensitive  when  the 
temperature  falls,  A  temperature  of  52^  C.  causes  permanent  loss  of 
motility  and  death. 

The  lower  limit  of  temperature  for  the  motility  of  the  protoplasm 
in  Nilella  syncarpa  is  zero  i  for  the  hairs  of  the  pumpicin  10°  10  1 1°  C, 
The  upper  limit  is  37"  C.  in  the  former  case  ;  in  the  latter  the  current  is 
arrested  within  two  minutes  when  immersed  in  water  of  46"  or  470  C, ; 
in  water  above  that  temperature  within  a  minute  ;  in  the  air,  exposure 
to  a  temperature  of  49"  or  50°  C.  for  ten  minutes  does  not  stop  the 
current. 

The  absorption  of  water  through  the  roots  is  also  subject  to  certain 
limits  of  temperature.  The  roots  of  the  tobacco  and  pumpkin,  for 
eitample,  do  not  absorb  sufEdeut  water  in  a  tnoist  soil  of  from  3°  to  5° 
C.  to  replace  the  small  loss  caused  by  evaporation,  the  leaves  banging 
in  a  Haccid  condition  in  consequence  of  the  cessation  of  their  lurgidity. 
The  mpidity  and  intensity  of  the  vital  functions  are  not  in  proportion 
to  the  increase  of  temperature.  The  rateof  growth  of  the  roots  of  a  seed- 
ling of  maile  attains  its  roaKimum  at  27°'i  C.  ;  of  the  pea,  wheat,  and 
barley  at  »°'8  C.  The  sensitiveness  of  the  leaves  of  Afimom  reaches 
its  maximum  at  30"  C;  the  rapidity  of  the  movement  of  the  protoplasm 
in  Nih-lia  syticarpa  at  37°  C. 

If  the  limits  of  temperature  mentioned  above  are  passed, 
the  vital  functions  of  the  plant  may  simply  come  to  rest, 
as  is  the  case  with  perennial  plants  during  the  winter  season ; 
or  permanent  changes  are  brought  about  in  the  plant  or  in 
parts  of  it,  resulting  in  injury  or  death.  The  fatal  injury  in- 
flicted on  cells,  both  by  too  high  a  temperature  and  by 
freezing,  is  a  consequence  of  their  containing  water. 

Air-dry  peas  can  resist  a  temperature  of  over  70°  C.  for  above  an 
hour  'mliioai  Josing  their  power  of  germination ;  soaked  in  water  for 
an  hour  and  e.vposed  tn  a  temperature  ol  ^tJ^  o<   ^  C,  they  are 
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killed.  The  cause  of  death  may  be  partly  the  coagulation  of  the  al- 
buminoids, while  the  decomposition  of  the  cell-wall  is  perceptible  only 
at  higher  temperatures.  Air-dry  seeds  appear  to  be  able  to  withstand 
any  degree  of  cold  without  injury  to  iheir  power  of  germination,  The 
winler-buds  of  woody  plants,  the  cells  of  which  contain  a  great  quantity 
of  reserve-materials  but  only  a  small  quantity  of  water,  withstand  the 
cold  of  winter  and  frequent  rapid  thawing  ;  while  the  succulent  leaves  at 
Ihe  time  of  their  unfolding  in  the  spring  succnmb  to  a  slight  night-frost. 
Jilany  phmLs,  »uch  as  Lichens,  Mosses,  Fungi  of  a  leathery  tcNlure,  the 
mistletoe,  and  some  others,  appear  never  to  freeze ;  while,  on  the  other 
hand,  many  flowering  plants  from  a  southern  climate  are  killed  by  rapid 
changes  of  temperature  near  the  freezing  point.  Whether  the  tissue  of 
iS  plant  can  be  killed  simply  by  the  solidifying  of  the  water  of  its  cell- 
sap  into  crystals  of  ice  is  uncertain  ;  while,  on  the  other  band,  it  is  an- 
•questionable  that  in  a  great  number  of  plants  death  is  caused  only  by 
the  mode  in  which  the  thatt*ing  takes  place.  The  same  tissue  which 
retains  its  vitality  if  thawed  slowly  after  freezing,  becomes  decomposed 
if  thawed  rapidly  after  exposure  to  tin  same  degree  of  cold  ;  so  that 
■death  is  evidently  in  Ibis  instance  the  result  not  of  the  freezing  but  of 
thawing.  Moreover,  the  lower  the  temperature  at  which  the  freez- 
look  place,  the  sooner  is  the  plant  killed  by  the  freeiiing  as  well  as 
'4>y  the  thawing.  A  common  but  not  invariable  result  of  the  freeiiing  of 
the  cell-sap  is  that  internal  cells  or  layers  of  tissue  are  ruptured  ;  but 
these  Internal  rupturings  do  not,  as  was  once  supposed,  always  cause 
death  ;  they  have  as  little  to  do  with  the  destruction  of  the  life  of  the 
cells  by  cold  as  the  splitting  of  the  branches  of  the  trees  caused  by 
frtMt,  which,  when  the  temperature  falls  very  low,  is  produced  by  the 
■contraction  of  the  bark  and  outer  layers  of  wood,  the  crevices  again 
closing  when  the  temperature  rises.  The  phenomena  of  freezing  are, 
however,  at  present  but  imperfectly  understood. 

The  entire  life  of  the  plaDt  depends  on  the  action  of 
Jightan  the  cells  which  contain  chlorophyll,  since  this  action 
is  essential  to  the  formation  of  new  organic  compounds  out 
of  the  absorbed  nutrient  substances.  But  when  a  certain 
quantity  of  assimilated  substance  has  been  produced  under 
the  infiuence  of  light,  a  long  series  of  vegetative  processes 

kmay  be  carried  on  at  its  expense  without  any  further  direct 
action  of  light. 
J     The  growth  of  new  o:gans  and  the  metastasis  connected 
(ifcich  takes  place  in  the  parts  that  do  not.  couVam  <ii5«cj'^-{0.. 
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which  is  maintained  by  ihe  process  of  respiration,  is  to  a  certain  extent 
independenl  of  light,  as  is  shown  by  the  germination  in  the  dark  of 
seeds,  I  ubers,  and  bulbs.  Bat  even  leafy  plants  which  have  accumulated 
n  sufiicient  quantity  of  reserve-material  in  the  light,  put  out  shoots,  and 
even  flowers  and  fruits,  when  placed  tn  the  dark.  If,  for  example,  the 
growing  end  of  a  branch  of  a  green-leaved  plant,  such  as  a  pumpkin  or 
Tmpavlum,  is  made  to  grow  into  an  opaque  receptacle,  the  green  leaver 
remaining  stll!  exposed  Eo  light,  the  buds  will  continue  to  develope  in 
the  dark,  and  new  leaves  and  flowers  to  be  formed  which  allnin  their 
full  size  and  colour,  the  latter  even  producing  frutls  and  fertile  seeds. 
It  is  only  rarely  that  the  seclusion  from  light  produces  any  perceptible 
effect  on  the  development  of  Ihe  plant ;  though  sometimes  tiie  flowers 
which  are  produced  in  the  dark  have  nn  abnormally  light  colour.  All 
this  takes  place  at  the  expense  of  the  food-material  conveyed  to  them 
through  the  stem,  which  had  been  previously  assimilated  by  the  leaves  ex- 
posed to  light.  In  the  same  manner  the  under^ound  parts  of  parasitic 
plants,  or  those  otherwise  secluded  from  the  influence  of  light,  cany 
on  their  existence  to  a  certain  extent  independenl  of  light;  but  are 
nevertheless  indirectly  dependent  upon  it,  because  they  are  nourished 
by  substances  which  could  only  be  formed  under  the  influence  of  light. 
The  earliest  development  of  the  plant  seems  to  be  even  promoted  by 
the  absence  of  light  or  by  shade.  Thus,  for  example,  roots  are  formed 
on  Ihe  stems  of  Caclm,  Tropiiolam,  &c.  which  grow  in  the  dark,  where 
they  would  never  be  formed  in  the  light.  The  lower  Algie  asamilale 
in  the  day-time,  and  form  zoospores  in  the  night,  or,  when  placed  in 
the  dark,  even  in  the  day-lime.  The  movement  of  the  protoplasm  on 
which  the  formation  of  the  lOospiires  depends  is  not  caused  directly 
\ij  the  influence  of  light,  hut  is  rather  interrupted  by  it.  The  direction 
of  the  movements  of  the  zoospores  stands,  however,  in  some  definite 
relation  to  light,  their  anterior  end  being  always  turned  toa'ards  it.  It 
has,  nevertheless,  been  observed  in  some  cases  that  they  have  a  tendency 
to  collect  where  there  is  a  medium  intensity  of  light,  avoiding  both  deep 
shade  and  bright  sunlight.  The  chlorophyll-bndies  enclosed  within 
cells  are  subject,  in  some  plants,  as  SagUlaria  sagillmfdiat  to  a  changfr 
of  position,  being  carried  by  ihe  currents  of  protoplasm  to  the  r^on  of 
brightest  light.  Finally  the  normal  habit  of  plants  is  altogether  de- 
termined by  the  direct  influence  of  light  The  intemodes  of  the  sterns 
of  bleached  or  eliolaled  plants  grown  in  the  dark  are  oflcn  elongated  to 
ten  or  twenty  times  their  ordinary  length  ;  while  leaves  of  Dicotyledons 
and  Ferns,  which  are  normalty  broad  and  branched,  remain,  wheil 
grown  in  the  dark,  remarkably  small.  Under  these  ci 
lamins  of  the  leaf  of  Tropxolum  altams  scavcc\-j  ftam  ^^  ' 


The  Life  of  the  Plant. 


Prmal  sue;  the  leaves  of  Femsdo  not  even  unfold,  ant!  attain  only 
[  or  even  -^^  of  their  normal  superficial  development  in  the  Uglit. 
White  daylight  consists  of  a  mixture  of  rays  of  Ught, 
(iiffering  in  their  colour  and  their  refrangibility ;  and  it 
might  be  expected  that  the  action  of  the  different  rays  on 
the  vital  processes  of  the  planl  would  not  be  the  same. 

I  This  is  illustrated  by  the  accompanying  diagram  (Fig.  373). 
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The  most  important  chemicnl  process  in  the  plant,  the  decomposition 
of  carbon  dioxide  in  the  cells  which  contain  chlorophyll  and  the  elimina- 
tion of  oxygen  resulting  from  it,  proceeds  almost  as  energetically  as  in 
white  daylight,  in  a  mixture  of  orange,  yellow,  and  green  light  which 
sets  only  slightly  and  very  slowly  on  photc^rapliic  piper.  lilue,  violet, 
and  the  ultra-violet  lays,  on  the  contrary,  which  at  once  colour  photo- 
graphic paper  a  deep  brown,  have  no  or  very  little  effect  on  the  elimina- 
lion  of  oxygen.'     The  same  relationship  towards  light  has  been  shown 
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ist  in  the  formation  nf  slarch  in  the  grains  of  chlorophyll  in  the 
of  some  Algie  ;  and  the  starch  already  formed  in  the  chlorophyll 
disappears  in  a  mixed  blue  light  as  in  the  dark.  The  green  colour 
of  Monocotyledons  and  Dicotyledons  may  be  produced  by  rays  belong- 
ing to  all  parts  of  the  spectnim  ;  but  the  action  of  the  yellow  rays  is  by- 
far  the  roost  powerful ;  the  red  and  the  green  have  less  power,  while 
the  blue,  violet,  and  ultra-violet  act  very  slowly.  The  action  of  light 
on  the  change  in  the  tension  of  the  tissues  by  which  positive  heliotropic^ 
curvatures  are  brought  about,  belongs  to  the  more  refrangible  (blue  and 
violet)  rays  ;  the  red  and  orange  appear  to  be  altogether  inefficienl. 
The  same  is  the  case  with  paratonic  irritation  and  the  periodical  move- 
ments of  the  leaves  of  various  plants,  as  the  scarlet-runner  and  Oxalis. 
On  the  movement  of  zoospores  the  less  relirangible  (red  and  orange)  lays 
act  like  darkness,  while  the  direction  of  the  movement  is  determined 
by  the  blue  and  by  the  still  more  refrangible  violet  and  ultra-violet  rays. 

Light  from  other  sources  than  the  sun,  as  that  of  lamps  of  various 
kinds  or  of  a  body  glowing  in  an  electric  current  (lime -light),  appears, 
ftom  observation,  to  have  the  same  effect  as  sunlight,  provided  Lliat  the 
intensity  and  refrangibility  of  the  rays  are  the  same.  This  is  especially 
the  case  with  the  electric  light. 

The  chemical  processes  within  the  cells  of  a  plant,  the  molecular 
movements  connected  with  gtoath,  and  the  internal  changes  on  which 
the  activity  of  the  protoplasm  depends— whether  enhibited  in  the 
formation  of  new  cells  or  in  motility— are  probably  connected  with 
disturbances  of  the  dictrical  equilibrium.  The  fluids  of  differeot 
chemical  properties  in  adjoining  cells,  the  diffusion  of  salts  from  eel!  to 
cell,  their  decomposition,  the  evolution  of  oxygen  from  cells  con- 
taining chlorophyll,  the  formation  of  carbon  dioxide  in  growing  organs, 
and  the  process  of  transpiration ; — all  these  vital  processes  must  produce 
electrical  currents  ;  although  this  fact  has  not  yet  been  experimentally 
determined  or  accurately  investigoled.  It  has,  however,  been  established 
that  the  internal  tissue  of  land-plants  is  always  electro -negative  to  the 
strongly  cuticularised  surface,  and  that  a  simitar  relationship  subsists 
between  the  surface  of  roots  saturated  with  sap  and  the  surface  of  the 
stem  and  leaves.  Electrical  currents  which  are  not  too  strong  only 
temporarily  arrest  the  motility  of  protoplasm  and  the  movements  of  the 
sensitive  parts  of  plants,  while  stronger  currents  destroy  the  life  of  the 
protoplasm,  and  hence  of  the  plant. 


the  combination  of  chlorine  and  hydrogen  into  hydrochloric  acid,  the 
colouring  of  photographic  paper,  &c.  But  with  reference  to  the  vital 
-  oftfie  plant  thistermisinaccura\e,a.i\AQU.5,Vi\l.Qbeahandoned. 
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Since  ^az'italwn  acts  uninlerrupledty  on  evCTy  part  of  the  plant, 
all  ihe  parts  must  be  so  contrived  as  to  diminish  the  inflnence  of  this 
force ;  and  we  Rnd,  in  fact,  in  tbe  organisation  of  the  plant,  a  number 
of  contrivances  for  this  purpose.  The  lirmness  ocd  elasticity  of  the 
wood  of  erect  stems  ;  [he  uniform  distribution  on  all  aides  of  the  weight 
of  the  foliage  and  of  the  branches;  climbing  and  twining  intemodei 
which  are  sensitive  to  contact,  and  tbe  various  other  contrivances  that 
enable  slender  stems  to  climb  which  could  not  otherwise  maintain 
ibemselves  in  an  erect  position  under  the  weight  of  their  leaves  ;  Ihe 
floating  apparatus  of  floating  plants,  such  as  ttie  air-bladders  in  the 
fronds  of  Fiuiis  and  in  the  lettf-^talk  of  Trapa,  and  those  of  Ulrkularia 
(Fig,  356,  p.  1S4),  the  floating  apparatus,  such  as  the  pappus  or  wii^, 
of  many  seeds  and  fruits;  and  %  number  of  other  specialities  of  organisa- 
tion, all  serve  to  counteract  the  weight  of  the  plant,  and  to  prevent  its 
sinking  to  the  ground  where  this  would  be  imfevourable  to  the  other 
functions  of  the  plant.  Under  the  head  of  the  tension  of  tidsues  it  has 
already  been  mentioned  that  young  and  wenli  plants  in  which  there  is 
no  [enuon  tend  to  grow  downwards  in  accordance  with  the  force  of 
gravitation  ;  while  those  in  which  there  is  tension  have  a  tendency  to 
grow  erect ;  and  this  is  the  reason  why  roots  in  general  grow  down- 
wards and  stems  upwards.  But  the  influence  of  gravitation  on  plants 
is  not  yet  exhausted,  since  it  opposes  a  resistance  tu  all  internal  move- 
ments, such  as  those  of  water  and  of  the  ceil -sap  whenever  Iheir  direction 
is  upwards,  which  resistance  the  plant  must  overcome  by  its  internal 
forces.  Ijght  and  gravitation  are  the  forces  which  give  to  the  SRparatc 
parts  of  plants,  such  as  the  stem  and  lenves,  their  normal  position, 
whether  erect  or  horiionta],  and  therefore,  along  with  the  artange- 
menls  of  the  buds  and  leaves,  impart  to  plants  what  is  termed  their 
HabiL 

From  the  infinite  variety  of  tbe  conditions  of  life,  it  is 
evident  lliat  plants  must  possess  a  certain  power  of  adapta- 
tion to  their  external  conditions. 

This  is  seen  especially  cleariy  in  amphibious  plants,  which  live 
sometimes  in  water,  sometimes  on  dry  ground  ;  and  in  climbing  plants. 
Thus  for  example,  the  terrestrial  form  of  Polygonum  amphibiuvi,  with 
its  erect  slem  and  shortly-stalked  narrow  hispid  leaves,,  is  easily  traiu- 
formed,  by  simply  transplanting  into  water,  into  the  floating  form  nilh 
floating  long-stalked  glabrous  leaves.  The  branches  of  the  terrestrial 
form  then  soon  cease  to  grow,  their  leaves  dry  up,  and  the  new  plant 
of  the  floating  form  is  developed  from  the  rhizoixie. 
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That  section  of  botany  which  treats  of  the  abnormal 
vital  phenomena  and  the  consequent  abnormal  developments 
of  plants,  is  called  Vegetable  Palfwlogy;  and  may  be  divide 
into  two  subdivisions,  Teratology  or  the  study  of  malform 
tions,  and  Nosology  or  the  diseases  of  plants.  The  former  fl 
concerned  with  deviations  from  ordinary  structure  i 
organs  of  the  plant,  the  latter  with  variations  in  the  v 
functions.  This  whole  subject,  therefore,  independently  <i 
its  practical  importance,  is  also  of  great  scientific  interestjTB 
the  former  part  especially  in  relation  to  morphology,  the 
latter  to  physiology.  It  is,  however,  impossible  to  draw 
any  sharp  line  of  demarcation  between  malformation  and 
disease,  and  often  one  cannot  be  conceived  without  the 
other. 

The  causes  of  the  phenomena  now  under  consideration  , 
lie  in  a  want  of  conformity  of  the  plant,  partly  to  the  con- 
ditions of  its  environment,  partly  to  those  of  other  plants, 
and  partly  also  in  injuries  inflicted  by  animals.  In  a  cer- 
tain sense  also,  treatment  by  man  may  be  a  source  of  ab- 
normal vital  phenomena ;  inasmuch  as  he  prescribes  the 
conditions  in  which  the  plant  shall  grow.  Most  cultivated 
plants  live  in  conditions  which  were  foreign  to  their  uncul- 
tivated ancestors,  and  they  have  frequently  undergone  such 
charge  that  their  parentage  cannot  be  recognised.  It  is, 
indeed,  often  the  object  of  cultivation  to  cause  such  devia- 
tions. Thus,  the  bnissels -sprout  is  cultivated  on  account 
of  the  monstrous  edible  thickening  of  the  stem,  and  the 
cauliflower  on  account  of  its  peculiarly  metamorphosed  in- 
florescence. A  very  high  cultivation  produces,  however,  other 
modifications  besides  those  aimed  at,  and  less  desirable  in 
themselves.  Thus,  there  is  no  doubt  that  the  cultivation  of 
Suit-trees  bus  resulted  in  an  enfceWement  of  their  i 
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tative  organs,  and  a  shortening  of  the  duration  of  their  lives. 
The  same  is  the  case  with  those  plants  which  man  has 
transplanted  from  wanner  to  colder  climates  or  the  reverse, 
or  has  attempted  to  acclimatise.  In  order  to  understand 
this,  it  is  only  necessary  to  observe  the  weakly  specimens  of 
tropical  plants  in  our  conservatories,  and  to  compare  with 
them  drawings  made  in  the  primeval  forests  of  their  native 
country.  In  short,  it  may  be  assumed  that  all  cultivated 
plants  are,  to  a  certain  extent,  disposed  to  deviate  from 
their  ordinary  structure  ;  and  it  cannot,  therefore,  be  won- 
dered at,  that  they  are  especially  liable  to  malformations  and 
diseases. 

Attention  must  first  be  directed  to  tliose  deviations 
which  are  caused  by  atmospheric  influences,  or  by  the 
nature  of  the  soil  Light,  warmth,  and  moisture,  as  well  as 
the  nature  and  chemical  composition  of  the  soil,  are  here 
the  active  factors  ;  but  as  to  how  these  act  very  little  is  at 
present  known,  except  what  has  already  been  said  in  the 
section  on  the  general  conditions  of  plant  life  (see  p.  208). 
The  changes  brought  about  by  these  influences  affect  the 
size  and  number,  the  arrangement  and  shape  of  the  indivi- 
dual organs,  in  short,  the  external  form  of  the  plant ;  but 
they  also  cause  an  abnormal  activity  of  cells,  from  whit 
results  a  more  or  less  complete  disturbance  of  metasi 
and  of  the  processes  of  life, 

The  change  in  size  may  be  partly  due  to  abortion,  parti 
to  an  abnormal  increase  in  size  of  the  organs.  The  abortion 
of  the  primary  axis  shows  itself,  as  a  rule,  only  in  the  form 
a^  divarfing,  that  of  larger  or  smaller  branches  occurs  in  its 
purest  form  in  the  production  of  spines.  Several  families 
of  plants,  such  as  the  Rosacea,  are  especially  distinguished 
by  the  frequency  of  branch-spines  whenever  the  species 
grow  on  sterile  ground.  Like  the  branches,  the  leaves  can 
also  degenerate  into  spines.  Thus,  many  species  of  Eer- 
berideffi  and  Grossulariea;  develope  spines  in  the  place  of 
—  particular  leaves;    and  these  often,  as  \u  ^^^e  ^oo'&^Viw 
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remind  one  in  their  fonn  of  the  three  or  five-lobed  leat  ^ 
The  abortion  of  leaves  does  not,  however,  always  lead  to  the  I 
production  of  spines.  In  many  species  of  acacia  the  lamita  \ 
is  so  little  developed,  that  nothing  remains  but  the  petiole, 
which  is  then  called  a  phylloie  (Fig.  143,  p.  90) ;  and  in 
some  species  this  transformation  of  the  leaf  is  so  coimnoi 
that  it  can  scarcely  be  considered  as  abnormaL  All  these 
peculiarities,  so  far  as  they  are  not  hereditary,  i.e.  trans- 
mitted through  the  seed,  are  due  to  the  poverty  of  the  soil. 
As  poverty  of  soil  leads  to  abortion,  so  an  unusual  increase 
in  development  of  the  axial  or  foliar  organs  is  usually  the 
result  of  too  powerful  nutrition  ;  either  the  transmisaon  of 
nutrient  substances  from  the  soil  is  in  itself  too  abundant, 
or  a  want  of  due  proportion  between  the  pans  above 
and  below  the  surface  is  caused  by  too  vigorous  cutting 
away  of  branches  or  leaves.  The  latter  course  is  generally 
pursued  by  gardeners,  who  aim  at  obtaining  unusually 
large  fruits  or  flowers  by  cutting  away  blossoms,  young 
fruits,  leafy  shoots,  &c.  Finally,  it  has  already  been  stated 
that  an  unusual  development  of  the  stem  may  result  from  a 
deficiency  of  light ;  and  this  is  always  the  case  in  the 
etiolated  parts  of  many  plants. 

Abnormalities  in    the  number   of  organs   are   not  un- 
common.    In  the  clover,  for  example,  an  increase  in  the 
number  of  leaflets  of  the  normally  trifolioSate  leaf  is  frequent 
In  the  dcdoubleinent  or  '  doubling '  of  flowers  again,  lo  which 
ore  particular  reference  will  be  made  hereafter,  in  addition 
1   the  transformation  of   one   of  the  floral   organs  into 
another,  as  stamens  into  petals,  there  is  generally  also  a 
multiplication  of  the  floral  whorls  ;  for  example,  in  place 
of  a  single  whorl  of  stamens,  two  whorls  of  petals,  &c,  as 
happens  in  the  pink,  which  has  normally  only  five  petals 
and  ten  stamens,  but  when  double,  often  twenty  or  more 
petals.     The  change  in  the  relative  number  of  parts  is  not 
however,  always  in  the  way  of  increase,  but  as  often,  per- 
Ds,  of.i  diminution  of  the  nurrtoe,T  olxlt^aoi 
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l^  Every  part  of  the  plant  has,  when  young,  the  power  of 
fiiering  to  others  in  its  growth,  and  does  actually  do  so- 
enever  its  fonnative  tissue  or  cambium  comes  inio  con- 
K[  with  that  of  other  parts.  This  fact,  so  important  for 
E  processes  of  grafting,  budding,  &:c,  is  also  of  some 
■lortaiice  in  this  connection,  because  very  peculiar 
yformations  often  result  from  such  adhesions  in  growth 
a  neighbouring  plants  or  parts  of  plants.  It  is  very 
n,  for  instance,  to  find  the  pinnse  of  Glcditsihia  tria 
lifhos  united  with  one  another  in  such  a  manner  that  the 
late  leaf  becomes  a  simply  pinnate  or  even  a  simple 
Separations  of  organs  which  are  normally  imited  in 
T  growth  also  sometimes  occur.  If,  for  example,  a  mal- 
■  is  made  by  prolonged  cultivation  to  become  double, 
i  change  begins  by  the  filaments  which  were  previously 
Med  into  a  single  bundle  separating  from  one  another, 
ich  stamen  then  becoming  transformed  into  one  or  more 
petals. 

Of  much  greater  importance  than  changes  in  the 
number,  size,  and  position  of  the  parts  of  plants,  are  those 
which  relate  to  their  form.  The  most  common  and  in- 
teresting change  of  this  kind  in  the  stem  is  the  phenomenon 
known  as  fasdaiioii.  This  consists  either  in  the  stem  be- 
coming flattened,  and  hence  assuming  a  ribbon-like  form, 
or  in  its  beginning  to  divide  irregularly  into  a  number  of 
branches,  which  at  once  coalesce  laterally  with  the  main 
branch,  [or  from  the  cohesion  of  a  number  of  buds].  Fasci- 
ation  occurs  especially  in  ground  that  has  been  excessively 
manured,  and  hence  very  commonly  in  cultivated  plants. 
In  them  it  is  often  inherited  through  the  seeds,  as,  for  ex- 
ample, in  the  garden-plant  known  as  'coxcomb,'  Celosia 
cristata,  and  in  the  cauliflower,  in  which  the  thickened 
fleshy  branches  of  the  inflorescence  have  coalesced  to  form 
a  head  or  mass  covered  in  the  upper  part  with  abortive 
flowers.  As  in  the  last  case,  abortion  is  almost  always  asso- 
chted   with  fasdation.     For  while  the  fascValei  ■^Ml  o'i  'fc.'a. 
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stem  becomes  itself  inordinately  developed,  the  buds  which 
are  normally  produced  on  it  in  large  numbers  either  remain 
altogether  dormant,  or  give  rise  to  weak,  immature  organs 
•or  a  few  fasciated  or,  less  often,  separate  branches.  The 
teraiinal  bud  almost  invariably  ultimately  disappears.  Fascia- 
"tion  is  frequently  associated  with  curvatures,  causing  the 
production  of  peculiar  forms  resembling  sickles  or  crosiers, 
.as  is  not  uncommon  in  the  willow  and  ash. 

Far  more  numerous  are  the  changes  in  form  which 
effect  the  leaves.  These  may  be  classified  into  Metamor- 
phosis of  Leaves,  Peloric  Formations,  and  true  Changes  of 

Goethe  was  the  first  to  propound  the  theory,  though 
somewhat  poetically,  that  all  the  organs  of  the  higher  plants 
can  be  referred  back  to  a  single,  or  at  least,  to  a  very  small 
number  of  fundamental  forms  ;  that,  in  fact,  every  organ  is 
either  axial  (stem),  or  foliar  (leaf),  or  is  compounded  of 
these  two.  That  this  is  actually  the  case  is  shown,  not  only 
"by  the  history  of  development,  but  also  by  a  close  investiga- 
tion of  those  abnormal  processes  which  are  called  metamor- 
phosis. According  to  Goethe  a  foliar  organ  must  be  con- 
sidered the  more  highly  developed  the  higher  it  stands  on 
the  axis  of  the  plant,  the  nearer  therefore  it  is  to  the  centre 
of  the  flower ;  and  an  ascending  series  can  be  constructed 
as  follows  :— Leaf-spine  [Scale-leaf],  Foliage-leaf,  Bruct, 
Sepal,  Petal,  Stamen,  Carpel.  The  metamorphosis  may  be 
either  progressive  or  retrogressive,  according  as  the  trans- 
formation of  the  foliar  organs  takes  place  in  the  direction  of 
a  higher  or  lower  member  of  the  series.  Instances  of  re- 
trogressive  metamorphosis  are  furnished  by  the  production  of 
leaf-spines  and  leaf-tendrils  already  mentioned,  which  majr 
be  considered  as  consisting  essentially  in  an  abortion  of  the 
lamina  and  a  reduction  of  the  leaf  to  the  lignified  petiole 
■or  mid-rib.  Equally  common  is  the  retrogression  of  bracts 
to  the  form  of  foliage -leaves  ;  as  in  the  spathe  of  Aroidese, 
which    often    has   a  leaf-like   form.     The  ■vcUo^ession.  of 
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sepals  into  bracts  or  foil  age- leaves  is  still  more  frequent, 
common  and  beautiful  example  of  which  occurs  in  the  calyx 
of  the  rose.  One  of  the  best  known  instances  of  metamor- 
phosis of  the  reproductive  organs  into  perianth-leaves  is  fur- 
nished in  the  case  of  the  common  garden  tulip,  in  which  the 
three  carpels  and  the  six  stamens  are  all  transformed  into 
ordinary  petals  ;  [and  the  same  is  the  case  with  Ihe  greater 
number  of  double  flowers,  as  the  rose,  camellia,  pink,  &c]. 
That  these  leaves  are  actually  lower  stages  of  development 
of  the-organs,  is  shown  very  clearly  in  an  imperfectly  double 
tulip,  in  which  some  of  the  leaves  are  divided  through  their 
mid-rib  into  two  altogether  unlike  halves,  a  half-stamen  and 
a  half-petal.  These  imperfect  transformations  are  also  fre- 
quently seen  in  the  peony  and  the  water-lilies  (Nymphje- 
aceaej — [in  the  case  of  the  white  water-lily,  Nymphaa  alba. 
even  in  the  wild  state  J — these  instances  affording  convincing 
proof  that  the  '  doubling '  of  flowers  is  due  to  retrogressive 
metamorphosis.  It  has  already  been  mentioned  that  this 
metamorphosis  is  very  commonly  accompanied  by  an  in- 
crease in  the  number  of  parts  of  the  flower  ;  and  it  is  not 
surprising  that  such  retrogressions  should  also  be  associated 
with  abortion.  PerfecUy  double  flowers  are  of  course 
sterile  ;  but  even  when  the  metamorphosis  affects  the  sta- 
mens only,  the  pistil  is  in  that  case  also  always  less  perfectly 
developed,  and  less  or  even  not  at  all  capable  of  being 
fertilised  by  pollen  from  other  flowers.  In  many  cases 
Lthe  doubling  is  only  apparent,  as  in  the  cultivated  Com- 
■  positK,  such  as  the  aster  and  dahlia,  in  which  the  altered 
fappearance  is  produced  by  the  transformation  of  the  yellow 
tubular  flowers  of  the  disc  into  ligidate  flowers  of  a  different 
colour  ;  but  sometimes  only  by  the  increase  in  size  and 
change  in  colour  of  the  tubular  flowers.  In  this  case  also 
the  transformation  is  usually  associated  with  sterility. 
When  the  retrogressive  metamorphosis  goes  back  still 
further  than  in  the  doubling  of  flowers,  the  brightly  coloured 
r  petals   lose   their  colour,  and  the  fto'wM  \iec.ames.  'g* 
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Such  instances  of  ckhranthy  are  common  in  the  Legumi- 
nosK,  and  especially  in  clover. 

Instances  of  progressive  metamorphosis  are  much  less 
common,  though  a  number  are  to  be  met  with.  The  most 
common  example  is  the  metamorphosis  of  petals  into  sta- 
mens. It  is  not  uncommon  to  find  the  shepherd's  purse, 
Capiella  bursa-pastoris,  with  ten  stamens  and  no  petals,  the 
uonnal  number  being  four  petals  and  six  stamens.  A  me- 
lamorphosis  of  stamens  into  carpels  is  also  not  unusual  in 

■    willows,  making  them  apparently  moncecious,  whereas  they 
are  normally  dicecious. 
Changes   of  form   arising  from  the   metamorphosis    of 
whole  parts  of  plants  maybe  divided  into  four  groups  : — the 
solution  of  flowers  or  Antholysis,  Prolification,  Gemmation, 
■and  the  Metamorphosis  uf  Buds.     By  antholysis  is  meant, 
those  separations  of  the  parts  of  the  llower  by  which  their 
^^1     relative  number  and  position  are  so  altered  that  the  nor- 
^^B    mal  construction  is  completely  concealed.     Prolificatien  is 
^^P    the  elongation  of  the  apex  of  the  floral  axis  above  the 
^^     flower,  where  it  bears  fresh  buds,  leaves,  and  flowers,  as 
occurs  normally  in  the  syncarp  of  the  pine-apple,  and  not 
iinfrequently  in  roses  [and  pears].     Gemmation  is  the  pro- 

»duction  of  buds  in  the  axils  of  the  floral  leaves,  which  then 
develope  into  new  flowers  or  inflorescences,  as  is  not  un- 
freqnently  the  case  in  the  capitula  of  Scahiosa  and  Dip- 
sacus.  Finally,  it  is  not  uncommon  for  leaf-  or  flower-buds 
to  be  transformed  into  fleshy  bodies  with  small  scale-like 
leaves  and  a  very  short  fleshy  axis.  These  buds,  which 
often  serve  as  a  reservoir  for  the  reception  of  assimilated 

I  reserve- materials,  very  commonly  grow,  when  detached  from 
theu:  parent-plants,  into  independent  plants,  Species  in 
which  this  phenomenon  commonly  occurs  [as  Polygonum 
vivipartim,  Poa  vivipara,  &c],  are  called  viviparous.  In 
the  above  and  some  other  species  it  occurs  normally,  and  is 
not  uncommon  in  many  natural  orders,  as  Liliacese,  Grami- 
fieie,  Cyperacex,  and  Juncaceie.    The  buds  in  the  axils  of 
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^^Khe  leaves  oi Lilium  bulbiferum  (Fig.  350,  p.  179)  and  in  the 

^^pnfiorescence  of  many  species  oi  Allium  come  mider  this  head. 

^P  Closely  connected  with  metamorphosis  is  peloria,  or  the 
abnormal  regularity  of  flowers  usually  irregular  but  sym- 
metrical, i.t.  so  constructed  that  there  is  only  one  line  by 
■which  they  can  be  divided  into  two  similar  parts.  This 
phenomenon  is  most  common  in  Gramineie,  LeguminosE, 
LabiatEe,  Scrophulariaceas,  and  Violacefe,  In  the  common 
toadflax,  Unaria  vuigaris,  for  example,  in  which  the  perso- 
nate bilabiate  corolla  runs  out  into  a  spur,  the  terminal 
flower  of  the  raceme  not  unfrequently  exhibits  complete 
peloria,  i.e.  has  a  regular  margin,  and  five  spurs  at  equal 
distances  from  one  another.  In  Composite,  peloria  fre- 
quently takes  the  fonn  of  a  conversion  of  the  ligidate  into 
tubular  flowers. 

The  last  class  to  be  mentioned  is  the  change  in  the  ex- 
ternal form  of  leaves,  the  result  of  an  irregular  accession  or 
suppression  of  growth  from  disease.  Deviations  from  a 
■symmetry  between  the  right  and  left  side  of  the  leaf  occur 
normally  in  some  plants,  as  the  various  species  of  Begonia 
[and  lime],  and  occasionally  in  almost  all  plants.  The 
relationship  between  the  length  and  breadth  of  the  leaf  is 
also  often  disturbed.  A  difference  frequently  occurs  be- 
tween the  intensity  of  growth  of  the  vascular  bundles  and 
of  the  parenchymatous  tissue  (mesophyll)  which  occupies 
the  space  between  them.  When  the  vascular  bundles  grow 
more  vigorously  than  the  parenchyma,  the  latter  is  ruptured, 
and  the  leaves  become  perforated  or  slit,  as  is  always  the 
case  in  old  leaves  of  the  banana  [and  in  some  Aroidere,  Fig. 
194,  p.  106].  When,  on  the  other  hand,  the  growth  of  the 
parenchyma  exceeds  that  of  the  vascular  bundles,  the  leaves 
become  crumpled,  as  in  many  garden-plants  such  as  endive, 
parsley,  &:c.  More  rarely,  outgrowths  are  developed  on  the 
surface  of  the  leaf,  which  themselves  assume  a  leaf-like  form. 
In  all  the  cases  hitherto  mentioned  we  have  treated  onl^ 

^>-of  changes  in  form.     But  diseases  ate  a\=«  cwi^vai.  S^Ni^i^!^ 
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the  influence  of  the  soil,  depending  on  an  abnonnai 
transformation  of  those  substances  out  of  which  the  tfssue 
of  the  plant  is  constructed.  These  constitute  wliat  are 
called  secretional  diseases,  in  which  cellulose  is  transformed 
into  gum,  resin,  or  manna.  These  diseases  are,  properly 
speaking,  only  excessively  vigorous  phenomena  of  vital 
functions  which  in  many  plants  are  quite  normaL  It  is  re- 
markable that  effusions  of  sap  of  this  nature  are  often  the 
result  only  of  external  injury,  and  are  commonly  increased 
^^  by  removing  the  substance  excreted,  as  in  the  production 
H  ofre.i„. 

^^B        The  consideration  of  secretional  diseases  leads  to  that  of 
^^P  diseases  of  decomposition.     These  diseases,  which   are  fre- 
^H    quently  confounded    or  blended  with  the  former — known 
^H     generically  as  gangrene  or  canker — are  processes  of  decay 
^H     in  which  the  cellulose  is  transformed  into  a  muddy  fluid,  a 
^^P  'brown  humus-like  powder,  or  a  carbonaceous  mass,  such  as 
^H    never  occurs  ina  normal  state.   Decompositions  of  this  nature 
^V     are  promoted,  or,  perhaps,  are  first  caused,  by  swarmS  of 
low  microscopic  organisms,  Fungi  and  Alg«,  which  find  in 
the  dissolution  of  the  organic  substance  a  favourable  sub- 
stratum for  their  development.     It  is  impossible  to  enter  in 
this  place  on  a  more  minute  discussion  of  the  processes  of 
fermentation,    decay,    and   putrefaction,  and  of  the  points 
which  are  still  in  dispute  as  to  the  part  played  by  the  or- 
ganisms which  always  accompany  these  processes,  and  as 
»to  their  systematic  position.     It  is,  however,  certain   that 
diseases  of  this  kind  are  characterised  by  the  presence  of 
organisms,  and  are  by  this  distinguished  from  secretional 
diseases.  In  reference  to  the  external  form  in  wliich  they  pre- 
sent themselves,  a  distinction  is  to  be  drawn  between  moist 
and  dry  gangrene,  according  as  the  product  of  decomposi- 
tion of  the  cellulose  is  a  fluid  or  a  solid  substance.     The 
latter  form  very  commonly  first  attacks  the  innermost  layers 
of  wood,  which  may  be,  according  to  the  colour  of  the  sub- 
^^^J^tance  formed,  red  or  white.    P\anls  a.UatV.ei\i^  dec3.Y  rnay 
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Gtili  live  a  long  time  under  certain  .circumstances,  and  mi^ 
have  a  perfectly  sound  appearance  on  the  outside,  untfi 
the  disease  reaches  the  cambium-layer,  when  they  q 
perish.  The  decomposition  of  cellulose  does  not,  however, 
always  begin  inside  the  plant ;  it  may  also  penetrate  from 
without,  at  spots  which  have  become  diseased  from  ex-__ 
temal  injury. 

Diseases  of  another  class,  produced  by  vegetable  ^oa 
that  is  by  plants  which  derive  their  nourishment  from  t 
living  tissue  of  the  plants  they  inhabit,  are  in  general  le* 
obscure  than  those  which  were  last  described. 

Among   these   parasites   are   certain  Fungi  (Fig.   ; 
which  are  of  the  greatest  practical  importance.    The  quej 


wood  of  A  beech .  — ...  ^ 
ao  amorphous  subslance. 

tion  which  has  often  and  for  a  long  time  been  discussed  i 
specting  these  plants,  whether  they  are  the  cause  or  only  H 
accompaniment  of  the  disease,  has  now  been  decided  \ 
favour  of  the  former  alternative,  since  it  has  been  prove 
that  the  organisms  in  question  are  well-defined  species  * 
Fungus,  and  that  the  same  organism  is  always  Cowoid  \si  ? 
company  the  same  disease.     In  add\X\on  to  ■Oni's,  \X\ias.\i 
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^^H   proved  by  a  numbei   of  observations  and  carefid  expen- 

^^H  ments,  that  these  diseases  are  contagious,  and   that  healthy 

^^f    plants   become   subject   to   a  particular  disease  when   the 

spores  of  that  Fungus  are  sown  upon  them  wliich  always 

occurs  in  connection  witJi  that  disease ;  and  that,  finally,  the 

best  means   for  preserving  or  restoring  (he  health  of  the 

»  plant  are  those  by  which  the  spores  of  the  Fungus  are 
destroyed.  ITiis  does  not,  however,  prevent  other  Fungi 
occurring  as  accompaniments  of  the  particular  disease  be- 
sides the  one  to  whose  attacks  it  is  due. 

Among  the  most  important  of  the  diseases  of  this  nature 
to  which  cultivated  crops  are  liable  is  the  rust  or  inildeiti 
of  cereals.  This  term  is  appropriately  given  to  a  disease  in 
which,  it  least  at  first,  reddish  masses  of  a  brown  rust-like 
dust  break  out  from  the  internal  tissue  of  the  plant.  It  is 
»  most  common  on  barley,  wheat,  and  oats,  less  so  on  rye 

■  and  wi!d  grasses.  Since  it  chiefly  attacks  the  vegetative 
parts,  the  leaves  and  succulent  stems,  and  but  rarely  the 
seeds,  the  injury  caused  by  it  consists  mainly  in  a  deteriora- 
tion of  the  straw  ;  but  the  grains  are  also  of  inferior  quality, 
when  the  parts  which  contain  chlorophyll,  and  which  con- 
sequently assimilate,  are  attacked  at  an  early  stage.  The 
I  species  of  mildew  which  infest  cereal  crops  are  mainly  two, 
Puccinia  gramtm's  (Fig.  400,  p.  277)  and  P.  coronata.  The 
very  remarkable  course  of  development  of  the  latter  wiU  be 
afterwards  more  exactly  described  when  speaking  of  Fungi. 
Smut  shows  itself  first  on  the  organs  of  fructification,  the 
epidermis  of  which  is  irregularly  ruptured  in  a  great  number 
of  places,  a  black  dust  then  appearing  through  the  slits.  It 
attacks  the  different  parts  of  the  flower  in  a  very  unequal 
degree.  The  whole  of  the  parenchymatous  tissue  is  oftea 
destroyed ;  and  this  ocairs  to  so  great  an  extent  in  winter- 
barley,  that  of  the  whole  ear  the  common  raciiis  of  the  in- 
florescence alone  remains,  while  frequently,  as  in  oats,  the 
seed  only  is  destroyed,  the  paleK  remaining  unafl^ected. 
Especially  in  [he  last  stage  of  l\\e  d\=£a.^e. 'C5\c  mas.^s  of 
I  I 
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dust  also  emet^e  from  the  culms  beneath  the  flowers, 
well  as  from  the  leaves.  Rye  and  wheat  are  also  subject  to 
this  disease,  wild  grasses  less  so.  It  is  caused  by  the  at- 
tacks of  a  Fungus,  Usiitago  carlo,  the  black  masses  consist- 
ing of  its  emerging  spores  which  project  between  the  palee, 
the  mycelial  threads  obtaining  their  nutriment  from  the  in- 
terior of  the  parenchymatous  cells. 

The  smut  of  maize  and  millet  are  of  a  similar  character. 
In  the  former  swellings  the  size  of  the  fist  or  even  of  the 
head  are  formed  in  the  diseased  part,  between  the  cells  of 
which  the  filaments  of  the  Fungus  which  produces  the  dis- 
ease, Uslilago  maydis,  are  easily  found.  The  millet-smut, 
caused  by  Uslilago  destruens,  destroys  the  whole  of  the  flower 
even  within  the  ieaf-sheaths. 

Bunt  is  a  disease  which  attad^  all  kinds  of  wheat,  but 
the  varieties  of  spelt  have  less  to  fear  from  it  than  other 
sorts,  and  winter-  less  than  summer-wheat  The  Fungus 
which  produces  this  disease,  Tilletia  caries,  fills  up  with 
its  spores  the  whole  of  the  ovary,  and  replaces  it  by 
an  elongated,  black,  greasy  body  of  a  disagreeable  odour. 
The  mycelium  is  easily  found  in  the  parenchyma  of  the 
flower. 

Ergot  is  another  Fungus  of  this  kind,  which  attacks  the 
inflorescence  of  grasses,  and  especially  of  cereal  crops,  ap- 
pearing in  the  place  of  the  fruit  in  the  form  of  an  enor- 
mously large  grain  among  those  that  are  still  healthy.  In 
form  it  resembles,  therefore,  the  grain  which  it  attacks  ;  m 
rye,  for  example,  it  is  obtusely  triangular,  and  in  F/iragmitci 
flatly  compressed-  It  is  the  'sclerotium'  of  a  Fungus 
which  grows  from  the  base  of  the  ovary,  and  soon  detaches 
it  from  its  point  of  attachment,  raises  it  up  and  then 
encloses  it  or  presses  it  aside.  Ergot,  although  it  seldom 
occurs  in  any  great  quantity,  is  one  of  the  most  dangerous 
vegetable  parasites  of  cereal  crops,  since  it  contains  a 
powerful  poison,  on  account  of  which  it  is  valuable  in  medv 

I^e,  but  which  renders  the  meal  c\\i\\.e  u?,ti\e?.^  -hVwv  •gi's 
I  Q  a 
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with  it.  The  various  stages  of  development  of  the  ergot  of 
rye  received  a  number  of  different  names  before  their  con- 
nection with  one  anotlier  had  been  ascertained.  Thus  the 
delicate  mycelium  from  which  ergot  originally  springs  has 
been  called  SphaceUa  segelum,  the  ergot  itself  Sckrotium 
claviis,  SfcaU  cornutum  [or  '  spurred  rye  "],  and  the  fructifi- 
cation  which  developes  from  it  (Fig.  375)  Clavkeps  pur- 
B.  piirea ;  the  last  being  the 

name    now   given    to    the 
Fungus. 

Mention  must  also  be 
made  of  a  number  of  dis- 
eises  about  which  but  little 
IS  yet  known,  and  which 
have  this  in  common,  that 
they  appear  as  black  velvety 
coatings  on  the  leaves,  and 
especially  on  their  upper 
side.  There  seems  to  be  fre- 
quently, but  not  invariably, 
a  connection  of  alternation 
between  the  'honej  dew"  caused  by  aphides  and  these 
diseases,  the  aphides  encouraging  the  settlement  of  the 
Fungi,  Saccharomyces  and  Cladosparium,  which  give  rise  to 
the  latter. 

A  similar  appearance  is  presented  by  vines  attacked  by 
the  vine-mildeiu,  Erysiphe  Tncktri.  The  course  of  this  dis. 
ease  is,  in  its  essential  points,  as  follows  ; — A  delicate  white 
shining  growth  is  seen,  as  a  rule  after  the  blooming- time, 
and  at  first  on  the  under  side  of  the  leaves,  then  on  all  the 
young  parts  of  the  vine  {Fig.  376),  which  finally  invests 
these  ijarts  more  and  more  completely,  without,  however, 
penetrating  Into  the  interior,  as  it  only  puts  out  short 
organs  of  attachment  here  and  there.     These   drain   the 
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epidermis  ;  the  grapes  remain  small,  and  finally  burst,  ti 
fleshy  interior  being  forced  out  of  one  or  two  intersectil 
clefts. 

Tlie  English  gardenec  Tucker  was  the  first  tn  remark,  in  the  year 
1845,  tbe  Fungus  wiiich  was  nimed  after  him,  but  williouf  recognlsini; 
its  nature.  Ttie  disease  appeared  at  Versailles  in  1S50  ;  md  in  1851 
under  various  conditions,  and  in  widely  scattered  districts,  in  France, 
Italy,  and  Germany.  In  Madeira,  the  vine,  which  had  been  cultivated 
since  the  fifteenth  century,  was  attacked  in  185Z  ;  in  several  succecdicg 
years  the  crop  completely  failed;  and  this  induced  the  inhabitants  to 
'  n  the  cultivation  of  the  grape  for  that  of  the 


sugar-cane ;  so  that  for  twenty  years  after  1851  scarcely  any  Madeira, 
wine  was  produced.  From  that  time  Ihe  disease,  favoured  by  damp 
warm  weather,  has  spread  locally  to  the  whole  of  Europe,  no  remedy 
having  been  up  to  the  present  time  discovered  for  it. 

Next  to  the  vine-disease  the  plum-disease  is  one  of  the 
most  destructive  parasitic  diseases  of  the  different  kinds  of 
stone-friiit  The  malfonnations  jirodaced  by  it,  and  known 
under  the  name  of 'pods' and  ' pockets,"  are  distinguished 
from  the  dark  juicy  fruit  covered  with  a  bluish  bloom  hy 
their  greater  length  and  flatness,  by  the  want  of  the  ttai 
id  hy  their  invariably  lighter  eoVouv,    TVe  ■^^' 
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turely  ripe  fruits  fail  off  and  are  worthless.    The  cause  of 

the  disease  is  a  Fungus,  ExoasMs  Prutii. 

The  Poiato-dtsease  makes  its  appearance  first  on  the 
green  parts  of  the  plant,  forming 
brown  spots  on  the  leaves  and 
stems,  usually  in  July  and  August. 
A  short  time  afterwards  the  tu- 
bers are  found  to  be  diseased,  and 
begm  to  decay.  The  decompo- 
sition is  either  moist  and  of  a 
disagreeable  odour,  or  ends  in 
a  drying  up  of  the  tissue;  the 
former  kind  being  generally  de- 
scribed as  the  true  potato -disease, 
although  the  two  forms  pass  into 
one  another.  It  is  only  rarely 
that  the  decay  of  the  tubers  pre- 
cedes the  sickening  of  the  plant 
itself.  The  parasite  which  causes 
this  disease  is  also  a  Fungus, 
Phytophthora  infatans  (Fig.  397, 
]).  273).  It  penetrates  the  tissue 
of  the  leaf,  Its  conidia-bearing 
filaments  projecting  through  the 
stomata.  The  tissue  of  the  leaf 
dies  under  its  influence,  and  the 
tubers  which  are  subsequently 
attacked  also  decay  (Fig,  377). 

The  true  potatoKiisease  broke  out 
about  Ihe  year  1830,  and  spread  with 
terrible  rapidity  during  ihe  next  len 
years  ;  and  has  never  since  entirely  dis- 
appeared. Its  study  si^eated  a  variety 
of  cause; :  among  the  rest  damp  wea- 
ther, too  strong  manuring,  and  tbe 
cutting  up  of  the  '  seed-potatoes.' 
A  peculiar  disease,  also  caused  t)V  a  ■£ttweia,\iw'i.  ■sWfift. 
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has  not  yet  been  sufficiently  investigated,  is  one  of  con- 
siderable practical  importance,  the  beet-diseas€.  It  shows 
itself  sometimes  in  the  winter,  its  presence  being  manifested 
,by  the  root  becoming  light-brow-n  and  transparent  from 
jMdthout  inwards. 

The  diseases  to  which  bulbs  are  subject  have  been  but 
little  studied.  In  the  ring-disease,  called  also  the  hya- 
iinth-pest,  rust-coloured  spots  spread  from  the  disc  over  the 
scales,  advancing  from  below  upwards.  The  innermost 
scales  are  first  attacked,  the  leaves  turn  yellow,  the  flower- 
stalk  decays,  and  finally  the  whole  bulb  degenerates  into  a 
muddy  mass.  The  so-called  while  smut  consists  in  the 
tulbs  rolling  from  above  downwards  under  the  influence  of 
a  white  slime. 

Beslde.'i   the  diseases  already  named,  there  are  many 
Others  of  less  practical  importance  caused  by  parasites.     Of 
;se  causes  of  disease,  phanerogamic  parasites  are  in  gene- 
less  injurious  than  cryptogamic.     Of  the  former  there 
;  only  a  very  few  natives  of  Europe,  the  mistletoe  (  Visatin 
mm),  Loranthus  europmus,  Lathraa  squamaria,  the  dod- 
lers  (species  of  Cuscuta),  the  various  species  of  Orobanche, 
'onairopa  Hypopitys,  and  Thestum  humifusuin. 
The  mistletoe  usually  grows  on  the  apple,  but  also  on 
[■other  trees.     It  weakens  the  trees  which  it  attacks  by  the 
penetration  of  its  sucking-roots  (Fig.  378  i.),  and  causes  the 
formation  of  knots,  sometimes  killing  the  branch  on  which 
it  grows,  or  even  the  whole  tree. 

The  various  species  of  Cuscuta  (dodder)  germinate  in 
the  ground,  and  only  subsequently  strike  theirroots  into  the 

■  neighbouring  '  host  •. '  but  they  also  develope  above  ground 
,.their  '  haustoria  '  or  sucking-roots  at  those  spots  where  they 
<come  into  contact  with  the  plants  which  they  embrace.  C. 
europixa  grows  readily  on  hedges  and  thickets,  and  attacks 
the  hop,  [stinging-nettle],  hemp,  and  other  herbaceous  [and 
shrubby]  plants.  C.  epiiinum  is  exceedingly  destructive  to 
^H   dax.     C.  Tfipiii [Tig.  378  ii.)ke&v^ecva\\^mya\Q\s.^\,a'N!^^^ 
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^^H  of  clover  and  lucerne,  spreading  itself  centxifugally  froic 
^^H  single  points,  and  entirely  destroying  the  vegetation.  C. 
^^H  tpUhymum  is  indigenous,  chiefly  on  gorse  and  heather. 
^^B  Of  the  species  of 
^^H  Orobanclie  or  broom- 
^^F  rape,  which  mostly  grow 

on    the    rods    of  wild 

plants,  the  only  ones  of 

practical  importance  are 

O.   minor  and  ; 


I 

■ 
I 


The  former  occurs  especially  on  clover,  while  the  latter 
mostly  attacks  hemp,  but  also  tobacco  and  nightshade  {Soia- 
nnm);  (see  Fig.  346,  p.  166). 

The  remaining  plianerogamic  parasites  named  above 
have  but  httle  scientific  interest ;  to  them  may  be  added 
the  various  species  of  Melasnpyrutn,  Rhinanthus^  and  P(di- 
ailaris.  No  further  notice  is  required  of  the  phanerogamic 
parasites  of  tropical  and  subtropical  primeval  forests,  &c., 
belonging  to  the  natural  orders  BalanophoraceK,  Raffles- 
iaceffi,  Loranthacete,  &c. 

Besides  these  parasites,  there  ate  vaiious  floj 


I 
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which  are  injurious  as  weeds,  depriving  otiier  plants  of  light 
and  nourishment  and  therefore  of  the  most  essential  con- 
ditions of  life,  or  themselves  stunting  them  in  their  growth 
by  climbing  over  or  twining  round  them,  and  dragging  them 
to  the  ground. 

Reference  must  finally  be  made  to  epiphytes,  or  those 
plants  which  only  grow  on  other  plants  without  deriving 
nutriment  from  their  tissues.  Plants  of  this  class  which 
occur  in  our  zone,  for  example,  many  Mosses  and  Lichens 
[and  some  Ferns],  can  scarcely  be  considered  as  patho- 
genous. 

The  injuries  which  plants  receive  from  animals  are  ex- 
tremely numerous  and  various.  When  the  injury  is  to  the 
root,  it  results  in  an  insufficient  supply  of  nutriment  to  the 
plant ;  when,  on  the  other  hand,  it  is  the  leaves  that  suffer, 
the  absorbed  food-materials  are  not  assimilated  in  sufficient 
quantity,  and  the  plant  suffers  from  weakness  or  exhaustion. 
Injuries  to  the  bark  cause  '  bleeding,'  gangrene,  or  decay. 
There  are  also  a  number  of  animals  that  live  in  or  on  plants, 
which,  without  visibly  injuring  them  externally,  cause  an 
irritation  in  the  parts  of  the  tissue  affected  which  results  in 
morbid  phenomena.  It  is  common,  for  example,  to  see  the 
leaves  of  the  hop,  cabbage,  and  other  plants,  crumpled  uji 
into  blisters  and  rendered  unhealthy  by  the  attacks  of 
some  species  of  aphis  on  the  under  side.  ITie  form  of 
these  abnormal  productions  is  usually  so  characteristic  that 
it  is  possible  from  them  to  determine  the  animal  by  which 
they  are  caused,  and  viee  versd.  Thus,  aphtiUs,  which  lay 
their  eggs  in  the  plant,  cause  blister-like  swellings,  in 
which  the  larvfe  live  until  the  period  of  their  metamor- 
phosis, at  the  expense  of  the  plant.  The  structures  which 
they  produce,  and  which  are  generally  not  injurious,  arc 
sufficiently  well  known  in  the  lime,  hazel,  elm,  and  other 
trees  and  shrubs.  Willow-galls  and  rose-galls  are  a  somewhat 
higher  form  of  these  bodies.  The  former  are  produced 
especially  on  willows  by  the  puncXute  oi  ■&«  Cec  ' 
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Vstrobiliva  in  the  leif  bud',  which  causes  arrest  of  growth, 
Ithe   stem  scarcely  dtvelopmg,   and  the  leaves  becoming 


;mg      I 


crowded  together  into  a  close  rosette      The  ro^e- 
I  caused  by  Rhodilcs  Rosa  lavinj,  its  eggs  in  the  branch, 
u  then  swelling  up  to  a  conaideia-VAi:  iwe  ^'sokv  vW  es.u.- 
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beranl  growth  of  the  parenchyma,  while  the  leaves  are  pro- 
duced in  ordinary  numbers,  but  with  scarcely  any  paren- 
chyma between  their  fibro-vascular  bundles,  causing  the 
misshapen  branch  to  appear  as  if  covered  with  moss.  The 
highest  form  of  development  of  these  structures  is  seen  in 
Ihe  true  galls,  the  production  of  which  is  due  to  punctures 
made  in  the  leaves,  flowers,  fruits,  buds,  and  young  bark 
by  the  female  gall-wasp,  belonging  to  various  species  of 
Cynips,  which  then  lays  its  eggs  in  the  wound.  The  various 
kinds  of  gall  are  most  abundant  on  the  oak-tree,  on  which  the 
total  number  of  species  that  have  been  observed  is  upwards 
of  150.  The  best  known  is  the  common  oak-gall,  pro- 
•duced  by  the  puncture  of  Cynips  scutdlaris  on  the  under  side 
,iof  the  leaf  (Fig.  379).'  As  morbid  phenomena  galls  are 
[.■Usually  of  but  small  significance.  Whether  they  are  regarded 
as  the  nidus  of  a  number  of  useful  insects,  or,  many  of  them, 
as  articles  of  considerable  value  in  commerce,  their  usefulness 
greatly  exceeds  the  injury  which  they  infbct  on  the  plant 

It  would  occupy  too  much  space  to  enumerate  those 
animals  which  are  hurtful  to  the  plant  by  the  external  in- 
juries inflicted  by  feeding  on  them,  &c  The  part  which 
insects  play  in  this  respect  is  well  known  to  every  observer 
■of  nature. 


AGE   AND   DEATH  OF  PLANTS. 


If  the  life  of  a  plant  is  not  shortened  by  any  diseas 
and  if  no  animal  or  man  appropriates  it  to  its  own  purpose, 
gathers  it,  and  kills  it,  its  terra  of  life  is  still  usually  limited. 
Some  die  after  they  have  once  produced  fruit  \moiwcarpic 
plants],  one  or  two  years  [annual  or  biennial  plants]  being 
required  for  their  development;  while  others  \polycafpie 
plants]  produce  fruit  many  times  and  live  for  many  years, 
attaining  sometimes  an  enormous  age.     The  silver-nr  sel- 
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dora  flowers  under  thirty  or  forty  years  ;  the  Scotch  fir  and 
larch,  on  the  other  hand,  produce  cones  in  ten  or  twelve 
years  ;  the  oak  and  beech,  again,  only  flowering  when  they 
have  attained  a  considerable  age.  The  Scotch  and  spruce-fir 
attain  their  full  height,  as  a  rule,  in  from  80  to  loo  years, 
while  the  silver-fir  requires  a  longer  period.  The  annual 
rings  of  the  beech  usually  become  less  distinct  after  130 
'  or  150  years,  while  the  regular  increase  of  the  oak  in  girth 
'  does  not  diminish  till  it  is  igo  or  even  zoo  years  old  ;  and 
in  the  sweet  chestnut  the  increase  continues  for  at  least 
double  that  period  in  the  south  of  Europe.  Probably  the 
oldest  lime-tree  in  Germany,  at  Neustadt  on  the  Kocher, 
was  celebrated  in  song  as  long  ago  as  the  year  1408  ;  and 
the  silver-firs  on  the  Wurzelberg  in  the  forest  of  Thuringia 
must  be,  from  the  number  of  the  annual  rings  in  one  of  the 
oldest  trunks,  600  years  old.  The  age  of  an  oak  at  Breslau, 
more  than  13  metres  in  girth  at  a  height  of  26  metres,  is 
estimated  at  700  years.  The  old  rose-stock  in  the  crypt  of 
the  cathedral  at  Hildesbeim  was  planted,  according  to  tra- 
dition, by  Louis  the  Pious ;  and  the  old  dragon's-blood  tree 
at  Orotava  in  Teneriffe,  is  said  to  have  been  as  vigorous — 
and  even  to  have  been  hollow— in  1402,  when  the  island  was 
taken  by  the  Spaniards,  as  in  1868,  when  it  was  blown 
down  in  a  storm.  All  previous  conceptions  of  the  size  and 
age  of  trees  are  enormously  exceeded  by  the  facts  ascer- 
tained respecting  the  Sequoia  ( Wellingtonia)  gigantea,  the 
'  mammoth -tree  '  of  California,  the  largest  measured  speci- 
men of  which  gives  a  diameter  of  10  and  a  height  of  rao 
metres,  and,  judging  from  the  number  of  its  annual  rings,  an 
age  of  from  3,000  to  4,000  years.  The  bread-fruit-tree  is 
said  to  attain  an  age  of  from  5,000  to  6,000  years  ;  that  of 
the  gigantic  species  of  Eucalyptus  of  Australia,  from  130  to 
(?)  metres  in  height,  has  not  been  ascertained. 


CHAPTER  VI. 

SPECIAL   MORPHOLOGY   AND   CLASSIFICATION. 

Even   the  most  superficial  observation    of   the  vegetable 
world  is  sufficient  to  show  that  no  form  exists  on  the  earth 
as   a  single   individual,   but  that    each   is   repeated    with 
very  slight  variations.    These  variations,  however,  refer  only 
to  the  size,  colour,  degree  of  hairiness,  and  other  external 
character  of  the  separate  organs,  to  the  number  of  branches, 
leaves,  and  flowers,  in  short  to  points  so  unessential  that 
t^e  same  name  is  naturally  given  to  all  these  similar  indi- 
Bviduals.     Closely  connected  with  this  is  the  additional  iact 
I  that  new  individuals  which  spring  from  seeds  resemble  ex- 
actly the  individuals  which  produced  the  seeds,  with  the 
exception  again  of  slight  and .  unimporiiant  variations.     The 
entire  collection  of  those  plants  which  thus  coincide  in  all 
essential  characteristics,  and    of  all    those   which  are   de- 
scended from  the  same  parent,  is  called  a  Species.     But  a 
species  remains  unchanged,  even  within  the  limits  defined 
by  essential  characteristics,  only  as  long  as  the  vital  con- 
ditions  remain    the  same.      When   these   are  altered   by 
change  of  climate  or  food,  or  of  relationship  towards  other 
organisms,   whether  man,    animals,  or  other  plants,  even 
Lsome  of  these  characters  gradually  disappear,  and  are  re- 
Ijplaced  by  others.     A  species  is  therefore  only  an  assem- 
P^tlage  of  forms  which  resemble  one  another  for  the  time 
being,  and  is  not  a  type  rigidly  defined  by  nature. 

Dependent  on  changes  produced  by  cultivation,  a  species 
is  divided  into  Stib-spedes ;  and  when  the  characters  are 
hereditarily  transmitted  with  constancy  through  the  seed, 
into  Races.  Variations  within  the  same  race  are  called 
Varieties,  and  these  again  are  divided  into  Sub-varieties. 
I        All  species  which  agree  in  ihe  esseti'Dii.  q 
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their  orgaos  of  reproduction — t!ie  parts  of  the  flower,  seeds, 
spores,  &c. — form  together  a  Genus.  The  difl'erent  species 
belonging  to  the  same  genus  may  difter  very  considerably 
in  their  vegetative  organs  ;  but  the  slighter  these  differences 
Ihe  more  natural  is  the  genus. 
Since  the  time  of  Linnieus  two  names  have  been  given 
to  every  plant,  a  generic  and  a  specific  name,  the  generic 
name  being  placed  first,  and  the  specific  name  last.  Thus 
the  cucumber  is  Ctieumis  sativus,  the  melon  Ciicumis  mclo, 
both  belonging  to  the  genus  Cunimis. 

Since  the  conception  of  a  genus  is  defineil  arbitrarily,  according  to 
Ihe  individual  view  of  each  naturalist,  nnd  that  of  a  species  is  no  more 
natural,  it  haa  come  to  pas?  in  the  course  of  lime  that  one  and  the  same 
plaot  ha^  received  several  specific  and  generic  name^,  or  that  the  same 
name  has  been  given  to  different  plant;.  In  order  to  distinguish  clearly 
the  particular  plaot  meant,  it  is  usual  to  append  to  its  name  that  of  the 
botanist  who  first  bestowed  it.  Thus  bj  the  phrase  Coniiim  niaculatum 
Linn.,  is  meant  that  Linnxus  was  the  lirst  to  give  this  name  to  the  com- 
mon hemlock.  In  the  present  work  the  name  of  the  authority  will  not 
P  be  given,  because  only  those  plants  will  be  mentioned  with  respect  lo 

■which  there  will  be  little  danger  of  a  mistake  as  to  the  species  intended. 
For  the  purpose  of  obtaining  a  general  view  of  the  enor- 
mous number  of  plants,  and  their  mutual  similarities  or  re- 
lationships, their  classification  into  genera  is  not  sufficient 
Those  genera  which  are  nearly  related,  i.e.  which  resemble 
one  another  in  the  form  and  mode  of  arrangement  of  their 
organs  of  reproduction,  are  collected  into  Families;  these 
into  Orders  ;  and  these  again  into  Classes,  Several  classes 
go  lo  make  up  a  Sub-kingdom,  and  the  whole  collection  of 
sub-kingdoms  constitutes  the  Vegetable  Kingdom.  Since, 
where  the  relationships  are  complicated,  it  is  often  neces- 
sary to  distinguish  steps  even  intermediate  between  these, 
it  is  usual  to  arrange  the  orders  which  make  up  a  class  into 
Series,  the  genera  which  make  up  a  family  into  Tribes,  and 
the  species  which  make  up  a  genus  into  Sections.  To  de- 
noie  still  further  sub-divisions,  the  prefix  '  sub '  may  be 
_l  placed  before  any  of  the  terms  metiUorvei,  so  as  \o  tosA;. 
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stiil  further  intermediate  grades ;  thus  a  Sub-family  is  a 
grade  between  family  and  tribe,  a  Sub-tribe  a  grade  between 
tribe  and  gemis,  &c. 

The  system  of  classification '  at  present  in  use  has  gradu- 
ally grown  up  frotu  a  combination  of  those  proposed  by 
Jussieu,  De  Candolle,  Endlicher,  Lindley,  Betitham,  and 
other  systemalists.  The  vegetable  kingdom  is  first  divided 
into  two  great  sections,  Cr}'ptogamia  and  Phanerogamia,  the 
former  being  destitute  of  flowers  containing  anthers  and 
ovules,  the  latter  having  these  organs. 

Cryptogamia  are  again  divided  into  four  groups  or  sub- 
divisions, viz.:— 

1.  Tkallophvtes  or  Leafless  Cellular  Cryptogams. 
Plants  which  have  no  leaves  and  no  vascular  tissue,  but  are 
constructed  of  cells  only.  There  are,  however,  certain 
transitional  forms  which  must  not  be  overlooked  between 
these  and  the  leafy  Cryptogams.  To  this  sub-division  be- 
long :  1,  Protophyta  ;  1,  Algie  ;  3,  Fungi.  It  is  impossible 
to  lay  down  accurate  lines  of  demarcation  between  these 
three  classes  ;  but  it  may  be  stated  broadly  that  Algx  con- 
tain chlorophyll,  and  are  therefore  able  to  avail  themselves 
of  inorganic  food -materials  ;  while  Fungi  contain  no  chloro- 
phyll, and  are  therefore  not  able  to  make  use  of  absorbed 
unassimilated  food-materials,  but  are  compelled  to  live  as 
parasites  on  other  organisms,  or  on  organic  remains.  The 
lowest  forms  of  vegetable  life,  unicellular  organisms,  with  no 

I  known  mode  of  sexual  reproduction,  whether  containing 

I  chlorophyll  or  not,  make  up  the  Protophyta. 

'  [In  order  to  mlapl  Ihi*  section  to  the  requiremcnls  of  candidales 
for  the  Lon^Ion  University  Examinalions,  very  conaiderable  alteralions 
have  been  introduced  in  the  imide  of  classification  adopted  in  the 
original,  and  the  descriptionh,  of  particular  fomis  have  been  amplified. 
No  fidl  unanimily  has  yet  Yieen  arrived  nt  with  respect  to  the  hesl 
system  of  classification  of  Cryptogams,  especially  of  Ihe  lower  Thallo- 
'    ■    !,  the  life-hislory  of  some  of  which  is  atill  but  imperfectly  knowi 
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^^H  2,  Charales,  Submerged  water-plants  readily  recog- 
^^Knised  externally  by  their  organs  of  reproduction,  and  by 
^^T'  their  verticillately  branched  vegetative  organs.  Their  dis- 
tinguishing characteristic  lies  in  the  peculiar  phenomena 
connected  with  their  mode  of  sexual  reproduction  (Figs. 
418-420,  pp.  292,  293).  They  consist  of  a  single  class  only, 
the  Characea. 

3.  MusciNE*.  We  have  here  a  distinctly  marked  alter- 
nation of  generations.  From  the  spore  is  developed  either 
directly  (in  most  Hepaticas)  or  indirectly,  as  the  lateral 
branch  of  a  so-called  protliallium  (in  some  Hepaticse  and 
all  Musci),  a  plant  which  bears  the  organs  of  reproduction  ; 

I  this  is  the  first  [sexual]  generation.  The  result  of  fertilisation 
is  the  second  [non-sexual]  generation,  a  fruit-like  structure, 
the  sporogonium,  in  which  the  spores  are  formed.     This 
group   is  divided  into   two  classes  :    i,  Hepatic^,  and  2, 
Musci,  of  which  the  former  has  capsular  sporogonia,  usually 
opening  with  valves,  and  containing,  in  addition  to  the  spores, 
tlaters,   i.e.    elongated   spirally   thickened   cells    (Fig,   412, 
111.  p.  297)  [the  object  of  which  is  to  assist  the  dissemina- 
tion of  the  spores]  ;  while  the  sporogonia  of  Musci  have 
usually  a  removable  lid  or  operculum  and  do  not  contain 
elaters.     In  the  Musci  and  the  higher  Hepaticie  we  have, 
for  the  first  time,  a  differentiation  of  the  vegetative  structure 
into  distinct  stem  and  leaves. 
4.  Vascijlar  Crvptogams.   These  possess  true  vessels, 
and  are  also  characterised  by  the  development  from  the 
spore  of  a  leafiess  prothallium  of  small  size,  bearing  the 
oospheres  from  which,  after  fertilisation,  the  spore-bearing 
^^^  plant  is  produced.     The  fonner  is,  therefore,  the  sexual,  the . 
^^H  latter  the  nonsexual  generation.   They  are  classified  into  two 
^^Vseties — the  Isosporous  and  the  Heterosporous.     The  former 
^^F  produce  only  one  kind  of  spore ;  the  prothallium,  which  is 
^^T  developed  from  this,  grows  for  a  considerable  time  inde- 
^B  pcndently  of  the  spore,  and  bears  both  the  male  and  female 
^^m^gans  of  reproduction  [antheridia  aM  arc/itgoniaX.     The 
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Heterosporous  Vascular  Cryptogams  produce,  on  the  con- 
trary, two  kinds  of  spores,  larger  or  megaspores  (often  called 
'  macrospores '),  and  smaller  or  microspores.  From  the  former 
arise  prothallia,  on  which  the  oospheres  are  developed ;  while 
the  latter  produce  only  a  slight  trace  of  prothallium,  and 
almost  immediately  the  male  elements,  the  spermatozoids  or 
antherozoids.  The  Isosporous  Vascular  Cryptogams  are 
divided  into  three  classes :  i.  Filicahs.  The  prothallium  is 
usually  ahove-ground  and  green ;  the  sporangia  are  epi- 
dermal structures  (trichomes)  of  the  leaves,  2,  Equisetalis. 
The  prothallium  is  above-ground  and  green  ;  the  verticillate 
leaves  are  provided  with  sheaths  ;  the  sporangia  are  formed 
several  together  on  the  margin  of  peltate  scales,  which  form 
a  terminal  fructificatioa  3.  Lycopodiales.  The  prothallium 
is  above-ground  and  green  ;  the  leaves  are  small  and  very 
closely  imbricate  ;  the  sporangia  being  formed  in  their  axils. 
The  Heterosporous  Vascular  Cryptogams  include  the  two 
remaining  classes  ; — 4.  Rhizocarpex.  The  sporangia  are 
formed  in  considerable  numbers  in  the  interior  of  hollow 
■capsules,  the  sporocarps,  and  contain  either  a  single  mega- 
"  lore  or  a  number  of  microspores.  5.  Selaginellales.  The 
wrangia  are  produced  singly  on  the  upper  side  and  near 
^e  base  of  the  leaf.  The  megasporangia  contain  a  sn\all 
'  lumber  of  megaspores,  the  micros porangja  a  large  number 
Ebf  microspores. 

Phanerogamia  or  Flowering  Plants  are  classified  into 
wo  divisions  : — i.  Gvmnospek.mia,  in  which  the  ovules  are 
i.e.  not  enclosed  in  an  ovary  ;  and  2.  Angiospermia, 
[1  which  they  are  so  enclo.sed.  The  alternation  of  genera- 
tions is  in  them  concealed  in  the  formation  of  the  seed.  The 
pollen-grain  correspond.';  to  the  microspore,  and  the  embryo- 
sac  to  the  raegaspore  of  the  Heterosporous  Vascular  Crj'pto- 
Igams.  Gymnosperms  comprise  the  Cycades,  which  have  a 
timple  stem  and  pinnate  leaves;  the  Conifers,  with  branched 
Stem  and  .simple  usually  acicular  leaves  ;  and  the  Gnetaixte.- 
Angiosperms  are  divided  into  two  cXa^ses,  Monotoi^ltd 
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and  Dicoiykdonts.  In  the  former  tlie  embryo  has  only  a 
single  cotyledon,  the  vascular  bundles  of  the  stem  are 
dispersed,  the  leaves  are  usually  parailel- veined,  and  the 
prevalent  number  in  the  parts  of  the  flower  is  3.  In 
Dicotyledons  the  embryo  has  almost  always  two  opposite 
cotyledons,  the  vascular  bundles  are  united  in  the  stem 
into  a  more  or  less  complete  ring,  surrounding  a  central 
(axial)  pith,  the  leaves  are  net-veined,  and  the  prevalent 
number  in  the  parts  of  the  flower  is  5  [or  4]. 

CRYPTOGAMIA,   OR  FLOWERLESS   PLANTS. ^H 

THALLOPHVTES.  ^^| 

Class  I. 


Under  this  class  are  comprised  the  simplest  forms  of 
vegetable  life,  whether  containing  chlorophyll  or  not,  in 
which  all  the  functions  of  life,  both  nutritive  and  vegetative, 
are  performed  by  a  single  celL  It  follows  that  there  can  be 
no  mode  of  sexual  reproduction,  consisting  in  the  coales- 
cence of  the  contents  of  a  male  and  female  cell.  The  cells 
are  always  microscopic,  and  a  number  are  frequently  enclosed 
together  in  a  common  gelatinous  envelope  (Fig.  59,  p.  37). 
^Vhen  free,  they  are  often  endowed  with  spontaneous 
motions  of  various  kinds.  The  Protophyta  are  divided  into 
two  sub-classes,  according  as  they  contain  chlorophyll  or  not. 

Sub-class  I.  PROTOPHVCRS  or  Phycockromace^. 
The  cells  conlain  chlorophyll,  eilher  pure,  or  colouted  by  a  bluish 
pigment  (JikycecyaitiH).  They  are  eilher  isolaled,  and  theo  frequently 
provided  with  vibratile  cilia,  or  united  li^elher  in  colonies  by  a 
gelatinous  envelope ;  01  Ihey  are  elongated  (ilamenls,  sometiines 
■divided  by  ejitremely  delicate  Iratisveiae  septa,  and  endowed  wilh  a 
slow  undulating  motion.  The  following  families  are  moderately  well 
defined: — 

ChroocOCCACR*  are  probably  the  lowest  forms  of  vegetable  life, 
/jWd£- eilher  isolated  or  in  colonies,  imbedded  in  a  transparent  jelly, 
tiesiSlutc  of  alia,  abundant  in  ficsVi  watev  l,¥i£.  S,  ^.  \vV 
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PalmellacejE  or  Protococcace-e.  Green  unicellular 
organisms,  occurring  in  three  stages  :  (i)  the  protococnis 
form,  naked  ciliated  cells,  swimming  free  in  water  ;  (a)  the 
encysted  condition,  also  free,  but  clothed  with  a  cell-waU,  and 
destitute  of  cilia ;  (3)  the  palmella  condition,  associated  in 
colonies  which  are  invested  with  a  common  gelatinous  en- 
velope (Fig.  59,  p.  37).  Protococcus  viridis  is  an  extremely 
common  object  in  rain-water.  It  is  found  very  abundantly 
in  the  mud  where  rain-water  collects,  and  in  similar  situations. 
In  its  most  ordinary  form,  each  individual  consists  of  a 
single,  nearly  spheroidal,  cell  from  ■□□3  to  'ooooi  inch  in 
diameter,  and  varying  in  colour  from  bright  green  to  bright 
red,  according  to  the  relative  proportion  of  a  green  and  a 
red  colouring  matter  diffused  throughout  the  protoplasm  or 
occurring  in  the  form  of  granules.  In  this  form  it  multiplies 
with  great  rapidity  by  fission,  i.e.  by  simple  cetl-division ; 
and  is  also  stated  occasionally  to  increase  by  gemmation 
or  budding.  The  individual  Protococcus  performs  all  the 
functions  of  an  ordinary  vegetable  cell,  respiring,  i.e. 
absorbing  oxygen  and  giving  off"  carbon  dioxide  in  the 
dark,  in  consequence  of  the  oxidation  of  its  substance, 
and  probably  also  in  the  day-time,  although  the  process  is 
then  concealed  by  the  opposite  process  of  nutrition,  or  the 
decomposition  of  carbon  dioxide  and  elimination  of  oxygen, 
which  is  effected  by  the  chlorophyll  under  the  influence  of 
sunlight.  The  change  to  the  active  condition  takes  place  in 
the  following  way.  The  protoplasm  withdraws  itself  from 
the  cell-wall  at  all  but  two  points,  where  it  protrudes  through 
the  wall  in  the  form  of  long  vibratile  cilia,  by  the  motion  of 
which  it  is  propelled  through  the  water.  The  cilia  are  ex- 
tremely delicate,  and  are  invisible  except  when  moving  very 
slowly,  or  when  artificially  coloured  by  some  reagent,  as 
iodine,  which,  however,  kills  the  plant  In  this  condition  it 
sometimes  loses  its  cell-wail,  and  swims  about  as  a  naked 
primordial  cell.  Eventually,  however,  it  loses  its  cilia^ 
m  dothes  itself  with  a  coat  of  ceUulose,a.tvd\)CtOTaea^:id« 
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\  In  this  state  it  may  retain  its  vitality  when  dried  up,  even 
I  for  years;  and  will  tiienresume  its  activity  whenagain  placed 
I  ia  water. 

nella  niualis,  appearing  suddenly  in  enormous  quantilies  on 
I  Arctic  snow-fields,  is  the  substance  known  as  '  red  snow.'  I",  crutitta 
\   often  forms  led  patches  lesembling  coagulated  blood  on  stones  and 

The  NosTOCACEiE  consist  of  curved  moniliform  filaments  of  cells 
imbedded  in  jelly,  one  species,  Nostae  eeHii'iune,  being  common  on  dry 
ground.  The  ordinary  small  cells  are  replaced  here  and  ibere  by 
laiget  cells  known  as  lietsrocysH,  the  fiinction  of  which  is  unknown. 
Reproduction  takes  place  by  portiona  of  the  filaments  between  the 
heterocysts  becoming  detached,  escaping  from  the  enveloping  jelly, 
and  dividing  into  fresh  filaments.  Somespeciesof  JWwfijfareenfl'opAj'ftV, 
living  within  the  cells  of  other  living  plants. 

The  Oscillator  IE.?:  are  very  common  obje'"ts  in  running 
or  stagnant  fresh  water.  They  consist  of  cylindrical  fila- 
ments, enveloped  in  a  gelatinous  sheath,  sometimes  divided 
by  very  delicate  transverse  septa  into  disc-like  cells,  which 
readily  separate.  The  only  mode  of  reproduction  known  is 
hy  the  detachment  of  portions  of  the  filament,  known  as 
hortnogonia,  which  carry  on  an  independent  existence,  and 
develope  into  new  filaments.  In  both  the  OscillatoiieK  and 
the  Nostocacefe  the  cell-contents  are  of  a  bluish-green 
colour,  from  the  presence  of  phycocyanin  in  the  cell-sap. 
The  OsciUatorieee  are  endowed  with  a  constant  oscillating 
motion  of  the  filaments. 

The  RIVULARIE,*  form  soil  greenish-blue  lumps  of  Jelly,  which 
I  about  in  stagnant  water,  or  grow  attached  to  water  plants, 
j  Within  the  gelatinous  envelope  are  very  slender  moniliform  filaments 
I  of  roundish  cells,  running  out  at  the  extremity  into  a  long  hyaline  hair, 
the  basal  cell  being  a  much  larger  ketennyst.  Reproduction  is  efliKled 
by  special  cells  separating  from  the  rest,  becoming  invested  in  a  firm 
►  ceil.wall,  and  remaining  in  this  condition  for  some  time  as  redirtg- 
I  sfores.     A  new  colony  is  then  produced  by  eel  I -division. 

The  Sci'TONEMEJE  are  neaily  allied  to  the  Rivulariea:,  forming 
ancbed  Ulameats  enclosed  in  a  Ihlc^  giXaiiiioiii  eiwtVi'fe. 
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Sub-clais  II,     Protomvcetes. 


^^^F  The  ceMs  are  isolated  or  associated  in  colonics,  and  do  not  contain 
^^^  chlorophyU.  They  aie  therefore  incapable  of  carrying  on  an  iods- 
pendent  existence,  and  live  only  in  organic  fluids,  where  Ihcy  occasion 
putrefaction  or  fermentation.  They  ate  not  endowed  with  cilia,  but 
have  in  some  cases  an  apparently  spontaneous  power  of  motion.  The 
ProLoniycetes  are  reproduceii  by  cell-division  (gemmaLlon)  or  free  cell- 
foimation.     They  are  divided  into  two  well-marked  families  : — 

The  ScHizoMYCETES,  or  Bacteriacese,  are  extremely  minute 
unicellular  organisms,  occurring  in  enormous  quantities  in 
all  organic  solutions  where  decay  is  going  on,  of  which 
process  they  are  the  invariable  accompaniment,  if  not 
the  cause.  The  number  of  distinct  forms  that  have  been 
described  as  belonging  to  the  Schizomycetes  is  very  largt 
but  to  what  extent  these  are  different  conditions  of  develop- 
ment of  the  same  organism  is  still  in  doubt.  They  may  " 
Mnveniently  arranged  under  the  following  heads,  viz, 

1.  Micrococcus.     Globular  and  extremely  minute. 

2.  Bacterium.     Short  straight  rods. 

3.  Bacillus.     Longer  straight  rods. 

4.  Vibrio.    Curved  rods. 

5.  Leptothrix.  Straight  filaments. 
.  Spirillum.  Curved  filaments. 
.  Zogglxa.     Colonies  of  globular  cells 

mbedded  in  mucilage. 

The  rods  and  filaments  are  characterised 

■  iby  the  ease  with  which  they  break  up  into  Fi 

■separate   segments  as    soon   as  they  come     rf^'SHSTTi^! 

[into  contact  with  the  atmosphere,  from  Tb'^ui^'""i'" '■ 
which  circumstance  the  class  has  received  ■*  ^''"*"'''  ^"w.?^' 
its  name.  They  multiply  in  this  way,  by  i"B  ^  Tsfirmm 
simple  division  ;  but  in  the  case  of  Bacillus,  '™'"'™'' 
the  formation  of  endogenous  spores  has  also  been  observed. 
All  the  forms  except  Micrococcus  and  Zooglaa  are  endowed 
with  rapid    vibratory  motions  by  means  of  cilia  attached 

I  to  the  extremities,  which  can  oiA-j  'be  -nvDAt  o--i.v\i^  '^<i 
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highest  powers  of  the  microscope,  and  with  the  assistance 
of  staining  reagents. 

The  ScHizoMVCETES  Qsnally  grow  in  water,  splitting  np  tfie  nilro- 
genous  ctHDpounds  which  are  contained  in  it  into  aninianiB,  which  sup- 
plies them  with  nutriment,  and  other  substances  which  arise  as  second- 
R17-  products  of  decomposition.  Such  decompositions  of  nitrogenous 
whstances  are  known  as  putrefaction,  and  the  chief  or  sole  agent  in 
ji^iis  decomposition  is  the  organism  known  as^Qf/fnum  Terma.  Solid 
f'tliCrt^nous  compounds  which  are  insoluble  in  water  are  rendered  fluid 
by  the  agency  of  bacteria.  As  soon  as  the  nitrogenous  substances  in 
the  substratum  aie  entirely  consumed,  the  bacteria  gradually  cease 
multiplying,  and  pass  over  from  their  motile  to  their  stationary  condi- 
tion, usually  secreting  at  the  same  lime  an  intercellular  substance,  and 
congregating  into  gelatinous  colonies.  In  this  stale,  when  they  are 
I  known  as  Zeeglaa,  they  still  continue  to  grow,  divide,  and,  under  cer- 
rtain  circumstances,  again  to  become  active.  Those  bacteria  which 
l-developc  in  damp  air  on  nitrogenons  nutrient  substances  also  fomi 
gelatinous  masses  ;  they  often  produce,  as  secondary  products  of  their 
process  of  assimilation,  red,  violet,  yellow,  green,  and  brown  colouring 
substances. 

When  water  which  contains  living  bacteria  is  evaporated,  a  great 
nnmber  of  these  organisms  are  carried  into  the  air,  and  in  particnlar 
the  most  minute  globular  forms,  the  Microiocd.  The  germs  of  bac- 
teria which,  in  consequence,  rise  into  the  air  whenever  putielying  fluids 
Eue  evaporated,  are  carried  down  everywhere  by  rain,  are  sucked  in 
with  the  air  in  breathing,  and  hence  become  causes  of  putrefaction  in 
all  nitrogenous  substances  exposed  to  the  air,  since  their  vitality  is  not 
lost  in  the  atmosphere.  Of  this  nature  are  many  and  possibly  all  causes 
of  putrefaction  and  the  propagators  of  contagious  diseases.  These  latter 
are  mostly  immotile  globular  bacteria  {SflisreharUria),  often  united 
Ic^ethcr  into  clusters,  drinkii^-water  being  usually  considered  lie 
medium  of  their  propagation.  The  blood  of  animals  attacked  by  con- 
tagious diseases  generally  contains,  a  considerable  time  before  their 
death,  a  prodigious  number  of  bacteria — straight,  rigid,  cylindrical  rods 
which  are  bent  at  an  obtuse  angle  in  one  or  two  places,  extremely 
slender,  and  usually  not  more  than  from  •txi4  to  "Oia  mm.  in  length. 
In  the  intestines,  excrements,  and  vomit  of  cholera  patients  are  found, 
at  least  at  the  commencement  of  the  attack  and  possibly  as  its  cause, 
enonnous  quantities  of  organisms  of  Ihisnature.  Under  the  Schiwimy- 
celes  must  also  be  included  Ltptothrix  fmetaHs,  an  organism  which 
alwajv  occurs  in  tiic  moitlh,  especially  in  the  monvm^ 
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without  ajiy  pathogenous  significaiice.  It  consists  of  extiemely  delicate 
tnrasparenl  filaments,  which,  nevertheless,  appear  to  be  composed  of 
separate  cells,  since  they  break  up  into  sharply  defined  pieces  simply 
tHi  being  touched.  The  cube-shaped  cells  of  Sareina  venlriiuli 
jiie  commonly  found  in  the  gastric  juice  of  man.  To  this  class 
telongs  also  the  substance  known  as  Monas  {Micrecoectu)  fradigiosa, 
tlosely  resembling  the  red  corpuscules  of  the  blood,  which  sometimes 
appears  in  prodigious  quantities  on  bread  and  similar  substances. 
The  disease  caused  by  Achorioa  Sihanheinii,  called  Tavus,'  usual!; 
attacks  the  part  of  the  head  of  man  which  is  covered  with  hair,  and 
produces  there  the  characteristic  straw-coloured  crab's-eye-shaped  in- 
Cnislations;  oM  since  its  spores  grow  into  the  hair,  this  obstbate 
disease  ends  in  complete  and  permanent  loss  of  hair.  The  spores  of 
^richopkylBit  tomurmis  penetrate  in  enormous  numbers  into  the  hairs, 
make  them  brittle,  and  cause  them  to  break  oil  at  the  skin.  All  these 
diseases,  as  well  as  others  which  might  'bt  added,  are  conta^ous. 
Bacillus  anthnuu  is  the  cause  of  '  charbon '  in  animals  ;  B.  iubtrculans 
is  supposed  to  be  the  palht^enous  agent  in  phthisis  ;  Mkrocoittts  vaccina 
is  the  active  element  of  vaccine  lymph  ;  31,  diphtkerilicus  is  always 
found  in  diphtheritic  membranes.  The  foot-rot,  the  cholera  of  fowls, 
and  many  other  diseases  which  attack  man  and  other  animals,  are  also 
due  to  the  effects  of  specific  bacteria. 

Certain  kinds  of  fernienlaHon  are  also  due  to  these  oi^anisms. 
Banllus  amylobactcr  is  capable  of  acting  on  starch  in  a  manner 
analogous  to  diastase,  converting  it  into  glucose ;  or  breaking  up  it  or 
other  carbohydrates  into  butyric  acid,  carbon  dioxide,  hydrogen,  &c., 
and  is  thus  the  cause  of  butyric  fermentation.  Micrococcus  urea  is  the 
Rmnioniacal  ferment  of  urine,  splitting  up  the  urea  into  ammonium 
carbonate  and  hydrogen.  The  acetic  fermentation  is  due  to  Bactaiim 
accti,  which  converts  alcohol  into  acetic  acid.  Lactic  fermentation 
is  due  to  Baclerium  lactil,  which  changes  the  sugar  of  milk  into 
lactic  acid.  The  importance  of  the'ie  organisms  in  the  study  of 
pathology  cannot  be  over-estimated. 

The  Saccharomycetes  consist  of  minute  isolated  cells, 
reproduced  by  the  mode  of  cell-division  known  as  genwta- 
tion,  as  well  as  l^  endogenous  spore-fonnation.  They  are 
not  endowed  with  cilia  or  with  spontaneous  motion.  They 
are  the  sole  cause  of  alcoholic  fermentation. 

Saccharomyces  or  Torula  eere^'isite  is  the  ordinary  Yeast 
of  beer,  a  brownish  fluid  which  possesse,^  \i\.e.  -^\!l^ 


l^Jsa;^^^^J 
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^^H  causing  m  any  solution  which  contains  sugar  the  change 
^^H  known  as  Ferjiientation,  that  is,  the  conversion  of  the  sugar 
^^H  into  alcohol,  which  remains  in  the  fluid,  and  carbon  dioxide, 
^^H  which  is  given  off  in  the  forni  of  bubbles.  Yeast,  when 
^^B  evaporated  at  a  low  temperature,  is  reduced  to  a  powdery 
^^V  mass,  which  retains  for  a  considerable  period  its  property  of 
^^^  fermenting  saccharide  fluids.  Fermentation  is  prevented 
by  boiling  either  the  yeasi  or  the  saccharine  flu'd  or  b> 
previously  straining  the  yeast  through  a  very  hne  fi  e  su  h 
as  porous  earthenware  ;  nor  does  any  change  ke  p  a  e 
I  after  boiling  the  fluid,  it  is  allowed  to  con  no  on  a 
I  ,only  with  air  which  has  been  passed  through  o  on  o 
1  -Hence  it  is  concluded  that  the  fermentation  au  ed  by  a 
I  -solid  substance  contained  in  the  yeast,  wW  h  anno  pas 
J  through  the  earthenware  or  cotton-wool.  E  an  ned  unde 
1^  low  magnifying  power,  yeast  is  found  to  con  a  n  a  nu  be 
T  of  nearly  spherical  transparent  granules,  a  e  aging  abou 
I.-0003  of  an  inch  in  diameter,  each  of  which  is  a  Saccharo- 
\  viycts.  Each  individual  is  an  ordinary  vegetable  cell,  usually 
■containing  a  vacuole,  but  it  is  doubtful  whether  there  is  a 
nucleus  ;  and  the  cells  are  either  solitary  or  associated  in 
heaps  or  strings.  It  consists  of  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur,  phosphorus,  potassium,  magnesium,  and 
■calcium  ;  the  last  four  in  very  small  quantities.  Its  chief 
proximate  constituents  are  (1)  a  protein -com  pound  ana- 
logous to  casein;  (2)  cellulose;  (3)  oil;  (4)  water;  the 
larger  part  of  the  mineral  substances  being  contained  in  the 
protoplasm.  The  Saccharoiiiycu  is  the  sole  cause  of  fermen- 
tation in  the  sugar,  and  is  believed  to  be  always  present  in 
the  air  in  the  form  of  invisible  dust.  If  a  small  quantity  of 
I -yeast  is  added  to  a  large  quantity  of  a  clear  saccharine  fluid, 
I  and  the  fluid  kept  warm,  it  will  gradually  become  more  and 
'  more  turbid,  and  a  scum  of  yeast  will  collect,  containing  a 
prodigous  quantity  of  Saccharotnyca-z^A^.  The  ordinary 
mode  of  reproduction  is  by  whnt  is  termed  gemmation 
^f^S-  3^0>  ^'^  *^^"  giving  rite  to  minute  protuberances, 


rite  to 
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which  grow  rapidly,  attain  the  size  of  the  parent-cell,  are 
separated  by  a  septum  of  cellulose,  and  eventually  become 


I 


detached,  but  not  generally  until  they  have  themselves 
developed  a  second  generation  of  buds.  They  very  com- 
monly adhere  together  in  the  form  of  heaps  or  strings.  A 
-second,  but  rarer,  mode  of  multiplication  is  the  formation 
of  spores  by  endogenous  firce-cell  formation,  the  protoplasm 
of  a  cell  dividing  into  usually  four  masses,  each  of  which 
surrounds  itself  by  a  cell-wall ;  and  the  daughter-cells  are 
eventually  set  free  by  the  dissolution  of  the  wall  of  the  parent- 
■ccli.  In  order  to  show  that  the  substances  of  which  the 
Saccharomyces  consists,  protein,  cellulose,  and  oil,  were  not 
present  in  the  nutrient  fluid,  but  have  been  manufactured 
by  the  yeast-fungus  out  of  it,  it  is  best  to  take  a  nutrient 
fluid  of  definite  chemical  composition,  a  convenient  one 
being  that  known  as  '  Pasteur's  solutioa"  The  power  of 
constructing  protein  out  of  such  a  substance  as  ammonium 
tartrate,  and  the  investment  of  the  protoplasm  by  a  con- 
tinuous coat  of  cellulose,  are  the  chief  properties  which 
letermine  the  Saccharomyces  to  be  a  vegetable.     It  allies 
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itself  to  Fungi  in  containing  neither  starch  nor  chlorophyll, 
and  having  consequently  no  power  of  decomposing  carbon 
dioxide.  In  the  process  of  fermentation  nearly  the  whole  of 
the  sugar  is  converted  into  an  equ^l  weight  of  alcohol  and 
carbon  dioxide  ;  but  a  small  quantity  of  glycerine  and  suc- 
cinic acid  are  also  produced  ;  and  one  or  two  per  cent,  is 
not  yet  accounted  for,  but  may  perhaps  be  assimilated  by 
the  Succharvniyces.  It  will  grow  and  multiply  actively  in  a 
solution  in  which  sugar  and  ammonium  nitrate  replace  the 
ammonium  tartrate ;  and  in  this  case  the  carbon  must  be 
obtained  from  the  sugar.  Although  oxygen  is  essential  to- 
ils life,  it  will  live  in  saccharine  solutions  which  contain  no 
free  oxygen,  appearing,  under  these  drcttmstances,  to  get  its- 
oxygen  also  from  the  sugar.  It  will  also  flourish  in  solu- 
tions in  which  the  ammonium  tartrate  is  replaced  by  sugar 
and  pepsin,  in  which  case  the  nitrogen  of  the  protein-com- 
pounds must  be  derived  from  the  pepsin. 

The  mode  of  mulliplkation  of  Saecharamyces  by  the  endogonouB 
feimation  gf  spoies  has  Jed  some  authors  \a  regard  them  as  the  lowest 
members  of  the  group  of  ascomycetous  Fungi. 

Sacckaroinyce!  renviiiie  occurs  in  two  distinct  forms,  Itnown  as 
'  high '  and  '  low '  yeasl.  There  are  alao  a  number  of  other  species, 
more  or  less  nearly  related  to  one  another,  some  of  which  accompany 
other  kinds  of  feimenlation,  while  others  are  pathogenous  in  man 
01  other  r.nitnals.  S.  elUpseuleus,  Pastmanus,  and  apkulattts  occur- 
in  the  fennentation  of  wine ;  .S'.  glulinis  causes  starch  to  ferment ; 
S.  Mycoderma  {Mycaderma  tnni)  fotms  the  'mould  '  on  beer  and  wine, 
and  also  accompanies  acetic  fermentation;  S.  {Oidiam)  aiika/is  uppeats 
■    be  the  cause  of  the  disease  Itnown  as  '  thrush.' 


ICL.4SS  II.  J/gce. 
Algse  are  submerged  water  plants,  growing  in  firesh,. 
brackish,  or  salt  water,  or  at  least  in  very  damp  situation^ 
entirely  cellular,  and  without  any  distinction  of  stem  and 
branches,  but  always  containing  chlorophyll,  and  therefore 
capable  of  carrying  on  an  independent  existence.  Repro- 
^^duction  takes  place  either  (1)  ixon-^ewLaW-j,  ■«\\kti  may  be 
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by  simple  fission  or  cell -division,  as  in  the  case 
desmids  and  some  other  lower  forms,  or  by 
spores,  which  are  either  motionless,  and  are 
then  usually  tetraspores  (Fig.  382),  formed 
in  groups  of  four  within  a  sporangium,  or 
soospores  (Fig.  82,  p.  56,  and  Fig.  3S6,  p. 
254),  endowed  with  apparently  spontaneous 
motion  by  means  of  vibratile  cilia  ;  or  (z) 
sexually,  and  then  assumes  two  forms  ;  the 
union  of  apparently  similar  cells,  conjugation 
(Fig.  54,  P-  32.  and  Fig.  383,  p.  257),  or 
the  fecundation  of  a  female  cell,  oosphere,  by 
a  male  protoplasmic  body,  aiitherozotd,  and 
the  consequent  production  of  an  oosperm  t«t 
(Figs.  385-3S7). 

AlgK  vary  very  greatly  in  siie,  ftoni  the  microscopic 
dialoms  and  desmids  lo  the  gigantic  seaweeds  lite  ^/a«afj'*/ij(Fig;.  391, 
p.  262),  which  attains  a  length  of  1,000  feet.  The  important  points  of 
distinction  between  the  ditTerent  forms  lie  either  in  the  degree  of 
development  of  the  individual  cells,  or  in  the  mode  ia  which  ihey 
combine.  Even  among  the  Unicellular  Alg^  the  greatest  variety  of 
forms  is  fonnd,  from  the  rooting  spherical  cell  of  Botrydiiivt  (Fig.  81, 
p.  55),  to  the  species  of  Caulerpa  (Fig.  383)  of  tropical  seas,  two  feel 
in  length,  and  simulating  the  appearance  of  stem,  leaves,  and  roots. 
Sometimes  the  single  cell  branches  copiously,  its  branches  becoming 
most  intimately  connected  with  one  another  in  such  a  peculiar  way  that 
a  tissue-like  structure  is  produced,  as  in  Coteochittt  iculala,  and  a  sec- 
tion through  the  whole  presents  the  appearance  of  a  number  of  cell- 
cavities,  where  we  have  actually  only  protuberances  of  a  single  cell. 
Sometimes  these  protuberances  lie  in  such  rcgulnr  layers  one  over 
another,  that  a  transverse  section  might  be  imagined  to  exhibit  one 
medullary  and  two  cortical  layers,  as  in  Udolca  cyatkifarmh.  The 
MuUicelluIoT  Al|^  are  either  litiform,  the  cells  arranged  in  a  row  or 
thread  (Fig.  54,  p.  32)  ;  or  the  cells  form  a  flat  surface  or  single  layer 
only  one  cell  thick  (F^.  82,  p.  56] ;  or.  finally,  a  solid  mass  of  cells  itt 
lliree  directions.  Within  these  three  classes  even  a  greater  variety  of 
form  prevails  than  in  the  Unicellular  Alga:  ;  some  of  the  larger  spedes 
oiFueus,  for  example,  often  bearing  a  resemblance  to  branched  «eea- 
W  ta  the  massive  alg^  it  is  very  common  tot  V\\eie 
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to  this  CKlent  inio  epidennai  and  ftmdamEntal  tissues,  ttat  the  oi 
most  layers  consist  of  smaller  cells  with  thicker  walls,  while  the  interior 
cells  are  often  much  loiter,  and  sometimes  of  great  length.  This  is, 
fever,  correctly  described  only  as  a  pseiido-parenchyma ;  there  is 
nothing  of  the  niLttire  of  primary  parenchyma  or  cambium ;  and  the 


Fig.  383. 

nlire  process  of  growth  is  governed  by  a  single  apical  cell.     True 
jols  provided,  with  a  root-cap  are  also  altogether  wanting. 
The  cell-wat[s  of  Algie  usually  consist  of  ordinary  unlignitied  cellu- 
lose,   which  is  coloured  blue  by  iodine  and  sulphuric  acid  ;  but  they 
R  iave  a  great  disposition  to  be  conveiled  uilo  3.  irracAa^wiva  substance. 
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^^K-.tstuidng  the  entire  organism  sometimes  to  become  surrounded  by  it 
^^K^atinous  envelope,  while  in  other  cases  a  slallt-like  mass  of  jelly 
^^F  connects  the  Alga  with  others  of  the  same  kind,  or  lines  it  to  its  snli- 
atratum.  Many  are  calcareous,  and  the  calcium  carbonate  is,  in  some 
cases,  as  CoraiHna,  deposited  in  the  cell-wall ;  while  in  others,  as 
Cymofolia,  it  is  excreted  into  the  kitercelliUar  spaces.  The  cell-walls 
of  the  Diatomaceze  foim,  in  consequence  of  the  deposition  in  them  of 

»rilicn,  actual  coats  of  mail,  which  arc  not  destroyed  either  by  decay  or 
St  a  red  heat.  Although  the  diatoms  are  at  niosl 
these  siliceous  coating  form  strata  which  are 
not  without  importance  in  building  up  the  crust 
of  the  globe,  as  in  the  case  of  emery  and  infu- 
sorial earth  (Fig,  38,  p.  2Z,  and  Fig.  384). 

The  cells  of  Algse  ofteo  contain  starch  and 
oiL  The  presence  of  chlorophyll  is  of  special 
importance ;  and  this  is  invariable,  although 
often  concealed  by  pigments  of  various  colours. 
These  combinations  of  colours  are  remarkably 
constant  in  lai^  natural  groups.  Thus  the  Di- 
atomoccx  exhibit  a  yellow  colour,  the  Fucaces 
a  brown  or  olive,  and  the  FlorideK  a  beautiful 
lose-red.     Both  the  chlorophyll  aod  the  other 

»Boloaring  matters  sometimes  form  granules  in 
d)e  living  celU,  sometimes  broad  bands  often 
curved  spirally,  as  in  Sfiragyra  (Fig.  41,  p.  25), 
sometimes  elegant  discs,  the  forms  of  which  are 
characteristic  of  particular  genera.  It  is  also  not 
uncommon  for  the  chlorophyll -grains  to  be  im- 
bedded in  coloured  fluids.  On  the  death  of  the 
plant  these  colouring  matter;  commonly  uodeigo 

a  change,   so  that,  when  dried.   Alga;  seldom 

retain  the  beautiful  colours  of  the  living  plant. 

In  the  formation  of  zoospores  or  swarmspores,  one  or  more  naked 
primordial  cells  are  formed  by  free-cell  formation  in  a  particular  cell  of 
the  parent  plant  ;  these  become  free  by  rupturing  its  cell-wait,  and  then 
swim  about  in  the  water  for  a  longer  or  shorter  time  by  means  of  two, 
four,  or  a  lo^er  number  of  vibratile  cilia  with  which  they  are  provided. 

tThey  are  microscopic  and  destitute  of  a  cell-wall ;  but,  after  gradually 
Doming  to  rest,  develope  a  cell-wall  of  cellulose,  and  then  grow  into  a 
6ew  Alga.  Theyoccur  in  bothfreshwatcrand'roarine  AlgEB,  V'auclieria, 
tBdegxntiam,  &.<:.  Occasionally  two  zoospores,  one  of  which  exceed* 
he  other  in  siie  many  limes,  coaAeaie,  the  p^oibiU.  <A  'OwKt 


■\««^^J 


a  single  repioductive  cell,  as  in  Pandonna  and 
Uloikn'x,  Thismay  beregwdedasamodeofcon- 
jiigalion  consiiiuting  a  connecting  link  between 
s  of  leptoducVion  t'j  loos^xes.  Mii  Xrf 
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iphercs.  The  highest  form  of  sexual  reproduction  in  AlgK  is  Ibal  in 
fbich  the  two  cells  which  shore  in  the  process  are  unlike.  The  fertilia- 
male  body  is  in  these  cases  termed  a  spermatoioid,  antkerosaidt 
rm-cell ;  the  mass  of  protoplasm  which  has  to  be  fertilised,  female 
a  ensphere  or  germ-cell.  The  latter  are  many  [often  several  hun- 
times  larger  than  the  former.  The  antheroioids  are  first  formed 
cell  which  is  called  an  anlkeridium,  and  the  oosphcre  is  the  result 
of  the  contraction  of  the  protoplasm  of  a.  special 
cell  termed  the  eogattium.  In  Vaucheria  (Fig. 
385)  a  number  of  elongated  antheroioids  are  e 
formed  in  the  antheridia,  here  called  '  horns '  j  * 
these  penetrate  into  the  oogonium  through  an 
opening  formed  in  its  cell-wall  at  the  period  of 
its  maturity,  and  finally  reach  the  oosphere.  The 
kiter  clothes  itself,  after  lettili^tion,  with  a 
brane  of  cellulose,  and  becomes  the  oosperm. 
imes  the  form  of  a  resHng-sptre,  which 
germinate  at  once,  but  is  set  firee  when 
alga  itself  decays,  sinks  to  the  ground,  re- 
mains dormant  through  the  winter,  and  germi- 
nates in  the  spring.  In  (Edogottitim  (Fig.  386) 
the  ot^onium  is  a  ceU  of  the  filament  itself. 
""  lullicellular  antheridium  or  'dwarf  male' 
formed  from  a  peculiar  Eoospore  or  androspare, 
attaches  itself  to  the  ot^onium.  Only  a  1 
antheroioid  is  formed  in  each  cell  of  the  . 
antheridium,  which  escapes  through  a.  slit  and 
forces  itself  into  the  oogonium  through  an  open- 
ing formed  at  the  same  time  in  its  cell-wall, 
and  finally  reaches  the  oosphere,  which  then 
developes  into  an  oosperm.  In  the  Floride^  the 
antheroioids  are  unprovided  with  cilia,  and  are  Fig.  3S7.— FBttilisatioa 
only  moved  about  passively  in  the  water ;  they  fidum  \  ihe  globular 
attach  themselves  to  a  hait-like  cell,  the  tri-  ^'^™','jfj  "{^^ 
chogyne,  emptying  their  contents  into  it.  The  gyne, 
resnll  of  this  impregnation  is  seen  sometimes  at 
Ihe  base  of  the  trichogyne  {in  NemaUan,  Fig.  387),  sometimes  in 
adjoining  cells  (in  the  Ceramiace^),  sometimes  (in  Dudresnaya)  in 
altogether  different  branches,  on  which  eystecarps  are  formed,  which 
contain  the  carposperms. 

AlgK  are  rarely  true  parasites,  although  they  very  commonly  inhabi 
the  surface  of  other  plants;  they  much  nvott  often  o\(unii. \:i\^\ 
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direct  assimilalion.     They  may  be  classified  according  to  their  habitat 

into  Fresh-water  and  Marine  Algai     The  fonner  are  mostly  green,  and 

aie  found  plenlifuUy  in  any  stagnant  water  or  dilch  in  the  spring  and 

I   ■suwiner,  and  not  unfrequenliy  contribute,  by  their  process  of  vegetation, 

oval  of  substances  decaying  in  the  water.     The  red,  green, 

d  brown  marine  Algs  are  larger  and  of  mucb  greater  Ijeanty  ;  some 


I  «f  these  live  only  in  the  breakers,  others  only  on  the  quiet  bed  of  the 
Ji.  They  very  often  occar  in  great  mosses;  the  largest  of  these 
is  the  'sai^asso  sea,'  which  occupies  several  thousand  square  miles  in 
the  Atlantic  between  19°  and  34°  N.  lal,  and  34°  and  36"  W,  long., 
the  surface  of  the  sea  being  covered  with  detached  sterile  masses  of  the 
'golf  weed,' Sar^Siiim  baccijii-um  (.T'lg.  jSSV 
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Tlie  gelatinous  subsuoce  of  the  cell-walls  gives  lo  several  kinds  of 
Algs  the  properly  of  being  used  as  articles  of  diet,  such  as  the  species 
of  Laminaria  and  Uhia  (green  laver)  on  the  coasts  of  Scotland  and 
Ireland,  and  the  '  carrageen  moss '  which  is  obtained  from  Spharatocais 
crispus  and  mamaiillosui.  The  ashes  of  the  larger  marine  Algie  were 
at  one  time  largely  employed,  as  kelp,  in  the  manufacture  of  alkali, 
and  still  are  for  that  of  iodine.     Gigartina  hilminthschorliis  furnishes 

twormmoas,'  but  is  usually  adulterated  with  other  seaweeds. 
The  most  convenient  classification  of  Algse  is  into  three  sub-cli 
ependent  on  theit  mode  of  sexual  reprodi 


Sub-dois  I.     Zygopkvce,*;, 
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In  the  Zygophycea;  the  cells  which  coalesce  in  the  act  of  fecunda- 
1  are  only  with  difficulty  distinguishable  from  one  another.  This 
mode  of  reproduction  is  known  as  coHjugation,  and  the  product  of 
coalescence  is  a  ^goiprm.  The  craijugating  cells  may  be  motionless, 
or  may  be  possessed  of  vibraCile  cilia  giving  them  a.  power  of  inde- 
pendent motion,  when  they  are  indistinguishable  fmm  zoospores. 

^ln  the  following  families  of  ZygophyceK,  conjugation  takes  place 
between  naked  ciliated  masses  of  protoplasm  resembling  zoospores. 

The  Ul.VACE«  (Fig.  8a,  p.  56)  are  green  fresh-water  or  marine  Alga;, 
in  which  the  thallus  consists  of  a  single  layer  of  cells,  which  is  expanded 
either  into  the  form  of  a  ribbon-like  piaie  or  thai  of  a  tube.  Repro- 
duction is  effected  by  cell-division,  or  the  conjugation  of  motile  ciliated 
primordial  cells. 

The  CoNFERVACE^E  are  green  or  coloured  fresh-water 
Alga;,  consisting  of  branched  or  unbranched  filaments, 
densely  filled  with  granular  chlorophyll.  They  are  among 
the  most  abundant  vegetable  organisms  in  running,  but 
especially  in  stagnant  water,  rapidly  filling  the  water  with 
masses  of  dark -green  filaments.  They  are  reproduced  non- 
sexually  by  zoospores,  but  in  a  few  instances  conjugation 
has  been  observed  between  motile  ciliated  bodies  resem- 
bling the  zoospores  in  everything  except  their  much  smaller 


The  SlFHONOClADAca*  are  fresh-water  Algas  composed  of. 

much-branched  cell,  varying  from  a.  very  simple  form  in  Botrydi 

I  ^Fig.  81,  p.   55)  to  one  of  great  compVexvV'j  in  Caut^rfo.  VJ'vtf 
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p,  252)  and  amitajr  genera,  mostly  nuLives  cf  warm  seas.     Thej  ara 

lemarkable  from  Ihe  large  number  of  miclej  conlained  in  a  dngle  cell. 

The  PandohinEiE  are  fresh-water  oi^anism^  consisting  of  a  single 

ell,  or  of  a  number  united  synilnelrically  inlo  a  cell-family  tnclosed 

1  a  gelaliaoua  envelope,  each  eel}  being  provided  with  a  pair  of  cilia. 

Reproduction  lakes  place  by  cell-division  or  the  conjugation  of  ciliated 

cells. 

To  the  ZygophyceK  belong  also  the  beautiful  Jfydrodiclyon  or 
nter-ne!,   Pediastrum  (Fig.  58,  p.  37),  common  in  fresh  water,  and 

Ulothrix  ;  but  it  is  diflicalt  to  classify  these  genera  more  exactly. 

The  Conjugate  are  unicelliilar  or  filamentous  Algic,  in 
which  conjugation  takes  place  between  the  ordinary  un- 
ciliated  cells.     They  comprise  three  distinct  orders : — 

I.  The  Zygnentacea  are  fresh-water  Algje  of  great  beauty, 
consisting  of  unbranched  filaments  of  cells,  often  of  large 
size,  displaying  an  evident  nucleiis,  and  with  the  chloro- 
phyll arranged  in  spiral  bands  (Fig.  41,  p.  25),  stars,  or  a 
thin  axile  plate.  The  process  of  conjugation,  the  only  mode 
of  reproduction  known,  may  be  well  watched  in  Spirogyra 
(Fig.  54,  p.  32),  When  the  process  is  about  to  commence, 
the  cells  of  two  filaments,  lying  side  by  side,  put  out  pro- 
tuberances, each  on  the  side  nearest  its  neighbour.  These 
protuberances  elongate  until  they  meet ;  the  septum  at  the 
point  of  imion  disappears,  an  open  channel  being  thus 
formed  connecting  each  cell  of  one  filament  with  a  cor- 
responiiing  cell  of  the  other  filament.  The  protoplasmic 
contents  of  each  of  the  two  cells  have,  in  the  meantime, 
retired  from  the  wall,  the  cBlorophyll  losing  its  spiral 
arrangement,  and  have  become  condensed  into  an  ovoid 
mass ;  then  the  whole  contents  of  one  cell  pass  through  the 
connecting  tube  into  the  other  cell  Thus  is  formed  a 
globular  or  oval  body,  the  sygosperm,  which  developes  two 
or  three  coats  of  cellulose,  escapes  from  the  parent-cell 
by  the  decay  of  the  filament,  and  continues  for  a  lime 
in  a  state  of  rest,  as  a  so-called  'resting-spore.'  After  a 
time,  usually  in  the  spring  succeeding  its  formation,  the 
ey^osperm  ^-erminates,  the  inner  ce\V-«o.\\\3MTalvcv^  l\itQug,h 
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the  outer  one,  and  developing  into  a  filament  like  the 
parent.  As  a  rule,  all  the  cells  of  one  of  the  two  filaments 
pass  into  those  of  the  other,  and  not  some  in  one  direction, 
some  in  the  other.  The  cells  of  the  active  filament  are  also 
generally  somewhat  smaller  than  those  of  the  passive  fila- 
ment ;  the  former  may  be  regarded  as  a  male,  the  latter 
as  a  female  filament.  Occasionally  the  cells  of  one  male 
filament  conjugate  with  those  of  several  fetnale  ones ;  and  a 
process  of  lateral  conjugation  has  been  observed  betiveen 
two  adjacent  cells  of  the  same  filament. 

2  The  Damidiea  (Fig.  11,  p.  12)  are  unicellular 
organisms,  occurring  isolated  in  fi-esh  water,  of  symmetrical 
figure,  and  containing  chlorophyll  arranged  in  symmetrical 
plates  and  bands.  They  vary  greatly  in  form  and  size,  and 
are  very  common  objects  in  stagnant  and  running  water, 
and  are  among  the  most  beautiful  of  microscopic  objects. 
I'hey  have  two  modes  of  reproduction  :  by  division  and  by 
conjugation.  A  good  example  of  the  former  b  afl'orded  by 
one  of  the  commonest  and  most  beautiful 
genera,  Cosmarium.  The  two  somewhat 
unequal  halves  of  the  cell  gradually  sepa- 
rate from  one  another,  leaving  a  connecting 
band,  which  is  ultimately  divided  midway 
by  a  septum.  Each  half  of  this  band 
gradually  assumes  the  form  of  a  half-cell, 
and,  together  with  the  half  of  the  parenl 
cell  with  which  it  was  in  connection,  consti- 
lutes  a  new  individual.  Finally,  the  two 
individuals  completely  separate  from  one 
another.  Conjugation  (Fig.  389)  is  effected 
by  cells  which  appear  as  if  about  to  divide  iLon"  is  ciai^M 
approaching  one  another  in  pairs  ;  a  frac-  {^iiy'nSgnLfi"d). 
ture  of  the  external  cell-wall  then  takes  place 
at  the  usual  line  of  division,  and  the  contents  of  each  cell, 
bounded  by  the  parietal  utricle,  escape,  and  coalesce  into  a 
zj-gosperra,  which  assumes  a  tourvdh'n  ioTttija 
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invested  with  an  ultimately  double  coat  of  cellulose,  which 
is  often  beautifully  covered  with  spines.  Its  contents 
change  from  green  to  brown  or  yellow,  and  it  developes 
into  a  new  individual  after  going  through  a  period  of 
rest. 

3.  The  Diatomacem  or  Bacillariea  are  microscopic  uni- 
cellular organisms,  occurring  in  great  quantities  in  fresh, 
brackish,  or  salt  water,  and  on  damp  ground,  invested  with 
a  very  hard  but  thin  and  transparent  siliceous  coat,  and  this 
again  oflen  in  a  gelatinous  envelope  enclosing  single  indivi- 
duals or  groups  attached  together  (Fig.  390).  They  are  always 
of  more  or  less  symmetrical  figure  ;  the  green  colour  of  the 
chlorophyll  is  masked  by  a  brown  or  olive  pigment  known  as 
diatomiti,  and  they  are  frequently  endowed  with  apparently 
spontaneous  movements,  the  source  of  which  is  not  yet  fully 
explained.  Each  individual  is  composed  of  two  similar 
halves  or  valves,  known  asfrusfuUs,  and  from  the  symmetry 
of  their  form,  and  the  fineness  and  regularity  of  the  stria- 
lions  on  their  thin  transparent 
siliceous  coat  (Fig.  38,  p.  22), 
they  are  extremely  beautiful 
microscopic  objects.  The  two 
halves  of  each  frustule  fit  into 
one  another  like  the  halves  of 
a  pasteboard  box.  Diatoms 
are  propagated  by  repeated 
bipartition  ;  but  the  diameter 
of  the  successive  generations 
gradually  diminishes  until  at 
length  it  attains  a  minimum. 
This  process  is  then  inter- 
rupted by  the  formation  of 
larger  cells  or  auxosfores,  and  individuals  are  produced  which 
reach  the  maximum  size  of  the  species,  but  in  other  respects 
exnctly  resemble  their  parent-cells.  In  these  the  process  of 
bipartition  is  then  again  commenced.    In  some  gei 


Fig.  J90.— G«H/*fl«fiHfl  ijiaHnniii,  a 
Df  a  Conferva  (gnacly  magDined). 
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true  process  of  conjugation  has  also  been  observed,  a  lygo- 
sperm  being  produced  as  the  result  of  the  coalescence  of 

I  two  different  individuals  which  have  previously  been 
closed  in  a  gelatinous  envelope. 
ZooF 


Suh-clais  II. 
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sub-class  we  have  a  distinct  advance  in  type  from  the 
Zoophycex  in  a  distinct  ditfErentialion  of  Itie  sexual  cells.  The  male 
element  is  always  a  primordial  ciliated  mass  of  protoplasm,  an  anthiro- 
noid  or  sperniatozoid ;  the  female  element  or  oosphere  is  contained 
within  3  simple  cell  or  oogonium,  and  the  product  of  fertilisation  is 
known  35  an  oosperm.  The  group  consists  of  several  families  not  closely 
connected  with  one  another  genetically. 

In  the  VoLVOCiNE^  each  family  consists  of  a  colony  of 
:11s  or  cmnebimn,  which,  in  the  case  of  Volvox  globator,  a 
common  very  beautiful  microscopic  object  in  the  stand- 
ing water  of  pools,  is  nearly  globular,  and  swims  about  with 
great  velocity.  Its  appearance  is  that  of  a  transparent 
membranous  hollow  sac  studded  with  green  points,  and 
carried  about  by  the  motion  of  a  large  number  of  vibratile 
alia,  which  project  through  the  common  envelope  of  the 
A  pair  of  these  cilia  is  attached  to  each  of  the 
:een  interna!  corpuscules,  which  resemble  zoospores.  Each 
if  these  bodies  is  a  young  individual,  which  developes  into 
a  new  colony  within  the  parent-colony,  the  daughter- colonies 
■finally  escaping  by  the  dissolution  of  the  common  semi- 
mucilaginoiis  envelope.  A  second  non-sexual  mode  of 
reproduction  is  by  the  formation  of  resting- spores.  Volvox 
is  also  reproduced  sexually  by  the  formation  within  the 
colony  of  male  and  female  cells,  antheridia  and  oogonia, 
impregnation  taking  place  within  the  common  envelope, 
from  which  the  fertilised  oosperms  finally  escape. 

The  VaucheriacE:^  or  Siphonex  present  a  certain  resemblance  to 

the  Siphonocladacex,  the  whole  organism  consist  inBofasingle,  often  much 

branched  and  gfeatly  elongated  cell,  undivided  except  when  the  s 

'  organs  are  about  to  be  formed.     The  mode  o^  te'^toi'aOCvi'a ' 
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illustrated  in  Vauchdria  (Fig.  385,  p.  254),  several  species  of  which  form 
light  green  carpets  on  damp  ground.  Portions  of  the  filaments  become 
marked  off  as  oogunia,  and  other  portions  neni  them  as  antheiidia  in 
(he  shape  of  honts  or  birds'  heads.  When  ripe,  the  antheiidia  dis- 
chuge theii  cell-contents  in  the  form  of  numerous  spindle-shaped 
ar)tberozoids,  moving  actively  by  the  help  of  a  pair  of  cilia.  In  the 
orifice  has  been  formed  in  the  beak  of  the  oogonium  ; 
of  the  anthcrOToids,  entering  here,  reach  the  oo.^phcre.  which  then 


becomes  an  oosperm  by  fnvestiog  itself  with  a  coat  of  cellulose. 

tchtria  is  also  reproduced  by  resting-spores,  and  by  zoospores  of  a.  ta^e 
siie,  beautifully  surrourided  by  a  fringe  of  cilia. 
The  CEuoGONlACE*  comprise  the  genus  (EJagoniuia  (Fig.  386, 
p.  254)  of  fresh-water  Algn.  The  seiual  reproduction  consists  in  llie 
ordinary  fertilisation  of  oospheres  by  ontherozoids ;  non-sexual  repro- 
duction by  loospores  (II.  A,  C)  of  large  size  and  great  beauty,  fur- 
nished with  a  tuft  of  cilia,  at  one  end.  Characteristic  of  (Edogonium 
m?  the  aadresfares,  resembling  minote  loospotes  (I.  A,  C],  which  fir 
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fliemsclves  lo  a  definite  spot  of  the  female  plant,  on  or  near  the 
oogonium,  where  they  germinate,  producing  very  small  male  plants,  the 
■  dwarl  males '  or  iiiicrandrts,  each  consisting  only  of  a  single  antheri- 
dial  cell,  which  gives  birth  to  ordinary  antheroioids.  The  cells 
(EdegoniHnl  present  a  remarkable  appearance  from  the  phi 
known  BS  '  intercalary  surface  growth  '  (II.  B),  in  which  a  number 
annular  deposits  yf  cellnlose  are  formed  in  succession  below  the  uppet 
septum  of  each  cell,  giving  the  appearance  of  a  series  of  caps. 

The  VKMOSTOV.z/e,  are  olive 
or  brown  seaweeds,  frequently  of 
gigantic  sire  (Kig.  391),  with  a 
foliaceous  shrubby,  often,  much- 
branched  thallus,  which  is  some- 
times coriaceous.  The  only  mode 
of  reproduction  at  present  known  in 
them  is  by  means  of  zoospores. 

The  FucACE.^  are  large 
brown  or  olive -coloured  sea- 
weeds, often  many  feet  long, 
as  in  Sargassum  (Fig.  388, 
p.  256),  and  of  a  cartilaginous 
texture,  forming  leaf-like  or 
stem-like  fronds.  They  are 
attached  to  stones  [or  other 
Algffi]  by  a  branched  attach- 
ment-disc. Their  branches, 
which  are  often  beautifully 
dichotomous,  all  lie  in  one 
plane,  or  can  be  reduced  to 
one  without  violence  lo  the 
plant.  From  the  dead  plant 
cold  fresh  water  extracts  a  fine 
buff  pigment  They  very  com- 
monly form  air-cavities  in  the 
interior  of  the  tissue,  or  occasionally  elevated  on  distinct 
stalks,  as  in  the  gulf-weed,  which  swell  outwards  like 
bladders  and  serve  as  swimming-bladders,  as  in  the  common 
^-bladder- wrack,  Funis  vesiailosus  (J'v^.  ■J,<)1.^.    TW&i'afe 
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the  frond  is  frequently  highly  developed,  and,  thot^ 
strictly  cellular,  displays  a  distinct  cortical  layer.  This 
svells  up  greatly  and  becomes  slimy  in  fresh  water.  The 
sexual  cells  are  in  distinct  chambers  or  conceptacles  in  the 
same  or  diiferent  individuals.     The  female  conceptacles 


ith  hra£ich«d 

(Fig.  393 II.)  are  at  first  lined  with  filaments,  some  of  which 
remain  permanently  in  that  condition,  and  are  known  as 
paraphyses ;  they  sometimes  project  through  the  opening 
of  the  conceptacle.  Others  enlarge  into  sacs,  the  oogonia, 
the  protoplasm  of  which  divides  into  two,  four,  or  eight 
I  oospheres,  of  comparatively  large  s\ie-    In  \.Ue  male  com 
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tacles  (I.)  similar  filaments  develope  into  branched  sacs,  the 
antheridia,  from  which  escape  the  very  minute  antherozoids. 
In  some  instances  oogonia  and  antheridia  are  found  in  the 
same  conceptacle.  \Vhen  ripe,  both  organs  discharge  their 
contents  through  openings  of  the  conceptacles  into  the  sur- 
rounding water.  Here  a  large  number  of  the  minute  motile 
antherozoids  crowd  round  the  oospheres,  coalescing  with 
them,  and  thus  impregnating  them  and  inciting  them  to 
develope  into  oosperms.  This  process  is  indicated  by  the 
discharge  from  the  mouths  of  the  conceptacles  of  a  drop  of 
an  orange  fluid  No  non-sexual  mode  of  propagation  is 
known  in  the  Fucaceie. 

Siib-ilass  III,  Cartochvce^e. 
In  the  Carpophyccic  the  male  element  is  a  motile  or  immotilt 
Witheiozoid.  The  female  organ  containing  the  oosphcre  is  amulliceltulajr 
iionallf  imicellnlai  body,  the  carpogonitim  ;  the  result  of  impreg- 
nation is  a.  carpesperm,  enclosed  in  a  more  or  less  complicated  structure, 
Ihe  eyslacarp.  Except  in  the  amplest  forms,  other  cells  besides  the  actual 
mate  and  female  cells  lake  an  indirect  part  in  the  process  of  impr^na- 

rlion,  which  is  hence  frequently  a  complicated  one. 
The  Coleocii.i:te.e  are  small  green  fresh-water  Alga;,  forming  disc- 
Eke  or  hemispherical  patches  on  submerged  water-plants,  the  sides  of 
aquaria,  &c.,  some  of  the  cells  of  which  are  prolonged  into  long  hairs. 
The  cacpc^onium  contoins  only  a  single  carposperm,  and  the  cystocarp 
is  of  simple  structure  There  is  also  a  non-sexual  reproduction  by 
zoospores. 

The  Floride^  are  marine,  rar&ly  fresh-water,  Algse,  often 
of  great  beauty,  including  all  the  red  sea-weeds.  The  red 
colouring  matter,  known  as  rhodosptrmin,  is  soluble  in  cold 
water,  and  exhibits  beautiful  phosphorescence.  In  the 
corallines  of  our  coasts  the  frond  acquires  a  stony  character 
from  the  deposition  of  carbonate  of  lime.  The  Melobesiaceje 
are  small  flat  incrustations  on  marine  rocks.  The  thallus 
or  frond  of  the  higher  forms  is  termed  monosiphonous  or 
Polysiphonoits  according  as  it  consists  of  a  single  or  of  several 
parallel  filaments  of  cells,  and  a  lud^metwa.t^  feSece.'o^xiS 
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is  exhibited  between  an  epidermal  layer  and  internal  spongy 
pseudo-parenchyma.  No  zoospores  are  known  in  the  Flo- 
ride^e  ;  non-sexual  reproduction  takes  place  by  teiraspores 
(Fig.  382,  p.  251),  collections  of  four  spores  formed  by  a 
double  bipartition  of  the  contents  of  the  parent-cell  or  tetra- 
sporangium  ;  these  are  often  formed  on  metamorphosed 
branches  of  the  frond  known  as  slkhidia.  The  antherozoids 
are  motionless  unciliated  primordial  cells,  which  are  carried 
passively  by  currents  of  water  to  the  apex  of  a  long  hair-like 
tube,  the  trichegyne  or  trichogonium,  a  prolongation  of  the 
cell  which  contains  the  oosphere,  sometimes  carried  by  a 
special  lateral  row  of  cells,  the  trichophore  {Fig.  387,  p.  255). 
The  oospheres  are  produced  in  other  cells  near  the  tricho- 
phore. In  the  most  complex  forms,  such  as  Dudresnaya, 
the  cystocarps  are  even  formed  on  difTerent  branches  from 
the  trichophore,  and  a  single  trichogyne  may  assist  in  the 
production  of  a  number  of  cystocarps.  A  still  more  com- 
plicated process  has  recently  been  described  in  the  case  of 
some  FlorideEC,  consisting  in  a  double  process  of  impreg- 
nation, first  of  the  oosphere  within  the  carpogonium  by  an 
antherozoid,  secondly  of  one  or  more  '  auxiliary  cells '  by 
the  carposperm,  the  auxiliary  cell  thus  fertilised  finally 
developing  into  the  cystocarp.  The  carposperms  are  usually 
more  or  less  imbedded  in  a  jelly  within  the  cystocarp  ;  they 
are  either  solitary,  or  are  collected  into  a  larger  or  smaller 
mass,  known  as  a  'nucleus.'  Florideje  are  either  mon- 
oecious or  dicecious.  The  fronds  of  many  species,  as  Cb^C^ 
ittkamnion,  display  a  continuity  of  protoplasm.  aH 


Class  III.     Fungi. 


I       The  elements  of  which  the  vegetative  parts  of  Fungi 
that  do  not  subserve  the  process  of  reproduction  consist, 
are  hyphis,  or  filaments  of  cells  destitute  of  chlorophyll, 
which  usually  branch  repeatedly  by  lateral  ramification,  and 
^^£row  only  at  their  apices.     In  the  simplest  fungi  the  entire 
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vegetative  portion  consists  of  a  single  undivided  cell  ;  while 
in  the  Mould-fungi  it  is  composed  of  a  single  often  much 
branched  filament  of  cells.  Even  in  the  highest  forros  the 
filaments  either  run  parallel  to  one  another,  or  in  an  irre- 
gularly complicated  mass,  but  often  forming  structures  of  an 
externally  definite  form  characteristic  of  particular  species. 
Sometimes  the  hyphffi  are  compacted  at  particular  parts  into 
a  dense  parenchymatous  structure,  known  as  a.  pseudg-farm- 
chyma,  as  in  the  larger  fungi,  of  which  it  forms  the  main 
mass.  The  various  modes  of  reproduction  in  Fungi  are 
closely  analogous  to  those  in  A]g£e.  Non-sexual  reproduc- 
tion takes  place  either  by  motile  ciliated  zoospores,  or  by 
unciljaied  spores  of  various  kinds,  which  are  termed,  accord- 
ing to  their  mode  of  origin,  basidiospons,  ascospores,  urede- 
spores,  ieleutospores,  &c.  Sexual  propagation  is  efiected  by 
conjugation^  or  by  the  fecundation  of  a  female  eosphere  by 
motile  antherosoids.  A  more  distinct  alternation  of  genera- 
tiens  is  displayed  in  some  classes  of  Fungi  than  in  Algje, 
and  in  the  Lidiens  we  have  the  most  remarkable  instance 
in  the  vegetable  kingdom  of  the  singular  phenomenon  of 
symbiosis  or  commensal  ism. 

The  cell-wall  of  fiingi  consists  of  cellulose,  which,  however,  is  only 
very  rarely  coloured  blue  by  iodine  nml  sulphuric  acid,  and  is  therefore 
considered  a  special  niodifiealion,  under  the  name  fungus-iclliilasi. 
Very  often  ihe  outer  layers  of  the  cell-wail  swell  up  and  pass  over  into 
a  gelatinous  or  mucilaginons  condition.  The  cells  of  fungi  contain 
neither  slarch-grains  nor  chlorophyll  ;  their  characteristic  contents  are 
a  fatty  oU.  Calcium  oxalate  15  very  commonly  found  on  the  surface  of 
the  cells,  very  rarely  in  their  interior. 

The  thallus  of  fungi  consists  of  two  principal  parts,  the  mycelium 
and  Oia/ruili/icaiiea.  The  former  is  developed  at  once  on  germination, 
and  either  consists  of  simple  hyplue,  or  forms  loose  flocculcnl  masses, 
branching  bundles,  pellicular  BKpansions  [as  Penicillmm  when  growing 
3n  fluids),  or,  finally,  compact  tuberous  masses,  the  scleroHa,  as  in  ergot. 

The  fructifiralion  is,  as  a  rule,  the  most  conspicuous  part  of  the 
fungus,  and  is  popularly  reganled  a£  the  whole,  as  in  the  mushrooms. 
Fertile  hyphie,  consisting  of  only  a  single  filament,  usually  e; 
distinguished  from  true  (niclifications  of  a  comwMoi  a. 
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In  the  fertile  liyphie  the  terminal  cells  of  the  principal  filament  an^ 
I  its  ramifications  become  the  mother-cells  of  the  reproductive  cells  or 
B.i^rares,  their  growth  as  a  rule  then  ceasing.  A  fresh  growth  of  the 
Klower  portion,  however,  frequently  begins  after  the  ripening  of  the 
t  spores,  which  soon  again  teinunatEs  with  a  new  formation  of 
reprodnctive  organs,  the  process  being  sometimes  repealed  after  a  time, 
f  The  fructification  varies  greatly  in  its  external  form ;  but  the  pro- 
*  iSuclion  of  spores  is  almost  always  limited  1o  a  particular  pari,  the 
hyminitim,  which  assumes  very  different  forms  in  the  different  groups. 

Reproduction  by  spores  is  by  far  the  most  common  mode  among 

fimgi.     The  spores,  however,  vary  greatly  in  their  form  and  mode  of 

I :  Ibrmation  ;  in  some  species  two,  three,  or  even  four  forms  have  been 

l;«bserved,   forming  a  single  cycle  of  development.      Their  mode  of 

ibrmation  is  of  three  principal  different  kinds  : — 

1.  By  Division  ;  i.e.  by  the  contents  of  a  sporangium  breaking  up 
mtirely  into  spores  { Fig.  395),  or  being  transformed  by  segmentation 
Binto  B  sporidtsmiam. 

a.  On  basidia  ;  i.e.  on  the  apex,  or  on  the  more  filiform  or  pointed 

I  ■protuberances,  slerigmala,  of  special  cells.     Such  spores  are  called 

basidiosports,  acrospores,  or  ectospores  ;  iind  they  may  either  be  formed 

simultaneously  or  may  become  detached   successively.     The  former 

mode  occura  in  the  Agaricini  (Fig.  400  It.,  p.   280);   the  latter  in 

.   J>eniciUium  (Fig  1,  p,  f).     Those  that  become  detached  in  succession, 

I  abslricted,  usually  form  threads,  the  younger  spores  placed  on  the 

I  apex  of  older  ones,  and  the  oldest  on  the  basidium.     In  .t  few  coses,  as 

r   Cyslopus  and  Peronospora,  sporangia  are  formed  instead  of  spores  on 

the  basidia.     Spores  which  become  abstrictcd   in  this  way  froni  the 

apex  of  filaments  have  been   termed  {otiidia ;   if  formed  In  special 

teceptacles  or  fycnidia,  they  are  stylosports. 

asei  at  thecte  (Fig.  404,  p.  282).  The  spores,  here  called 
,  are  usually  formed  simullaneonsly  in  definite  number  (in 
most  species  e%ht),  in  the  interior  of  asac-like  cell,  Ihe  ascus,  which  thej 
do  not  entirely  fill  up.  The  asci  are  osually  surrounded  by  paraphyscs, 
i.e.  unbranchedunicellularormuUicellular  hairs  which  are  formed  beside 
them,  usually  in  large  numbers  and  running  in  the  same  direction. 
Special  receptacles  in  which  asci  are  formed  are  called  prrilhe<ia 
(Fig.  403,  p.  282). 

The  loospores  or  swarmspores  break  through  the  wall  of  the  cell 
in  which  they  ore  formed,  and  which  is  called  n  teosporangium ;  and 
then  swim  about  for  some  hours,  or  even  days,  os  if  endowed  with 
■voluntary  power  of  motion,  by  means  of  Iheir  vihratile  cilia  [  after 
which  they  become  fixed   and  develope  into  new  plants  (Fig.  399, 
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p.  275)'  The  greater  number  of  spores,  however,  are  not  endowed 
with  motion  of  this  kind.  In  some  instances  they  germiaate  imme- 
diately after  attaining  maturity  ;  in  olher  cases,  where  they  have  thicker 
coals,  only  after  a  definite  longer  time,  so  that  they  appear  espedaily 
adapted  for  hibernation,  and  are  termed  resling-sjiares.  Differences 
also  exist  in  the  mode  of  germination,  many  spores  developing  at  once 
inlo  a  new  plant,  while  others  first  produce  spores  of  a  second  order, 
or  spefidia,  which  then  put  oul  sacs  or  pro~mycelia  (Fig.  400  iv., 
p,  277),  and  these  either  repeat  the  same  process  or  develope  into, 
perfect  plants. 

Sexual  reproduction  by  means  of  the  fecundation  of  oosphcrei  by 
anthecozoids  is  much  less  widely  distributed  among  Fungi  than  among 
Alga:. 

Fungi  may  he  conveniently  divided  into  three  sub.classes,  dependent 
■on  their  mode  of  sexual  reproduction,  and  to  a  certain  extent  parallel 
to  those  of  Algx.  But  to  these  must  be  added  a  fourth  sub-class, 
altogether  anomalous  in  structure,  and  the  retention  of  which  in  the 
class  of  Fungi  is  not  altt^ether  free  from  doubt,  viz. ; — 

Stdi-elass  I,  (!)     Mvxomycetes. 

The  Myxomycetes  (Fig.  394)  are  distinguished  from  all 
other  plants  by  the  fact  of  their  cells  being  without  a  cell- 
wall  during  the  whole  of  their  vegetative  period.  It  is  only 
when  their  protoplasm  comes  to  rest,  or  their  growth  has- 
ceased  on  the  formation  of  the  fructification,  that  the  proto- 
plasm breaks  up  into  small  cells  provided  with  a  cell-wall, 
but  not  forming  a  true  tissue.  They  live  on  decaying  and 
putrefying  vegetable  substances.  In  its  membraneless  con- 
dition the  mass  of  protoplasm,  or  Plasmodium,  displays  an 
extraordinary  motility  ;  and  then,  independently  of  the  cur- 
rents in  its  interior,  the  whole  mass  creeps  over  or  in  Its 
substratum  with  a  remarkable  amceba-like  motion,  The 
Plasmodium  is  of  a  slimy  or  creamy  appearance,  and  con- 
tains a  number  of  net-like  anastomosing  channels,  along 
which  move  constant  currents  of  protoplasm,  carrying  foreign 
bodies,  as  spores,  granules  of  starch,  &c.  But  when  the 
Plasmodium  passes  over  into  the  fructifying  state,  it  comes 
to  rest,  and  breaks  up  into  large  receptacles  or  sporangia. 


270  Structural  and  Physiological  Botany. 

filled  with  small  spores,  formed  by  free  cell-formarion,  a 
often  accompanied  by  a  reticulation  of  thin-walled  tuba   | 
opening  into  one  another,  a  hair-like  weft  termed  a  «:/«(■ 
litimii.     Round  each  of  these  tubes  there  frequently  nnB    \ 
a  spiral  thickening  band.     In  the  simplest  forms,  as  DtOj- 
ostdiutft,  the  spores  are  not  enclosed  in  a  sporangium.    The 
contents  of  the  spore,  now  provided  with  a  cell-wall,  break 
p  on  germination  into  a  number  of  zoospores,  known  U 
myxamxbce,     providri 
with    a    nucleus   and 
vacuole,  and  endowed 
with      a      remarkable 
■  '   ''■'^S^      IIJ@€^SCi^^>i^OtCH     ^mt^l^oid  motion,  due 

H  "    J    ffi^^^^^S^^efl      ^°    peculiar    rettaciile 

■_  _^    ^^^^Blfi^K^^w '      appendages  known  as 

^^^^^m^        ^^^^^^^^&        P'^"^"^'^'"-        These 
^^^^^HE    ^^^^\^^W^^^^^^  swarming  bodies  mul* 

^^^^^^1    ■  m  ¥^~'''liV  ti ply  by  division  during 

^^I^Ib     S        J    v.     W^        //     ^°  °^  three  days ;  and 

H  /     ^jt%^^^^      ^^       begins,  two  or  more  CO-     | 

V  '        ^f^l^^^^^  alescing  into  a  homo- 

-  ....      geneoLis  mass  of  proto- 

plasm or  Plasmodium, 
which     again     moves 

i  about  in  an  amceboid 

manner.  The  plasmodium  often  creeps  about  for  the  space 
of  a  foot,  the  motion  being  caused  by  the  projection  at  its 
margin  of  arm-like  protuberances,  which  increase  in  size  by 
fresh  masses  of  protoplasm  flowing  into  them.  When  this 
takes  place  for  some  time  in  one  direction,  the  whole  Plasmo- 
dium has  in  this  way  shifted  its  place.  These  processes 
usually  occupy  a  few  hours  ;  in  the  so-called '  flowers  of  tan,' 
^thalium  septicum,  one  or  two  hours  is  sufl5cient  for  the 
■still  motile  plasmodium  to  become  changed  into  sporangia. 
^      When  the  vital  conditions  are  \irfa.voMTalo\fc,"Civft  to-jm      """ 


with  the  frxpiibded 
portion  of  the  capi 
K  4m} ;  a  thrcBd  of  1 
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9  the  young  plasmodia  become  surrounded  by  a  mem- 
\  or  encysted,  and,  if  kept  dry,  remain  in  this  condition 
fe  months  without  losing  their  power  of  hfe  ;  when  placed 
fcirater  they  recur  to  the  motile  condition.  Mature  plas- 
dia  pass  into  the  resting  state  when  the  amount  of 
pbisture  or  the  temperature  is  low,  forming  a  sieve-like 
e  or  irregular  tuberous  body,  and  finally  break  up  into  a 
e  number  of  round  or  polyhedral  cells  of  a  diameter  of 
iBa5  to  0"O33  mm.,  and  of  a  waxy  or  brittle  texture.  When 
::ed  in  water  the  cell-walls  which  had  been  formed  are 
^n  absorbed,  and  the  plasmodia  re-assume  their  motile 
teidition. 

Sub-class  II.  Zygomycetes. 
E  In  Ibis  sub-class  the  myceUum  consisls  of  a  single  branching  filament, 
"  h  is  septated  only  when  about  to  produce  oi^ans  of  reproduction, 
H-aexual  reproduction  takes  place  by  motionless  spirts  enclosed  in  a 
exual  reproduclion  by  the  conjugalion  of  two  branches  of 
^  mycelium,  and  the  consequent  producdon  oi  a  lygosfgrvi.  The 
unycetes  include  only  one  well-marked  family. 

"  The  MucoEiNi  (Figs.  395,  396)  are  common  mould- 
fimgi,  growing  on  living  plants,  decaying  vegetable  substances, 
or  the  surface  of  organic  solutions.     In  Afticor,  one  of  the  ' 

commonest  forms  of  mould,  the  spores  are  produced  within 
sporangia,  roundish  heads  borne  at  the  extremity  of  filaments 
which  rise  vertically  into  the  air  from  the  hyphfe,  and  which  ,1 

are  kriown  as  sporangtophores.     The  wall  of  the  sporangium  I 

is  rough  from  minute  particles  of  calcium  oxalate.  The 
sporangium  is  easily  ruptured,  dispersing  the  spores  ;  the 
greater  part  of  its  wall  then  disappears,  but  a  small  collar 
'frequently  adheres  to  the  filamenL  The  cavity  of  the 
filament  does  not  communicate  with  that  of  the  sporangium, 
but  is  separated  from  it  by  a  partition  which  bulges  into 
the  cavity  of  the  sporangium,  forming  a  central  pillar  or 
projection,   and   termed   the   columella.      The   spores,    on  ^ 

germinating,   give    rise    to    ordinary   unseptated    mycelial  i 

Jjlsjnents.     FzQm  iJiese  the  spoiangiophoiea  ai&  ^nski  la's. 
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'ertically ;  the  free  end  dilates  into  a  rounded  head  which 
'  ivelopes  into  the  sporangium,  and  is  separated  by  a  septum 
which    constitutes     the    columella. 
The  protoplasm  in  the  sporangium 
becomes  gradually  separated    into 
a  number  of  masses  by  free   cell- 
formation,  each  of  which  secretes  a 
cellulose  coat,  and  becomes  a  spore. 
In  addition  to  the  ordinary 
spores,  interior  non-sexual 
reproductive     bodies,     or 
chlamydoiporcs,  are  some- 
times  formed   within   the 
mycelial  filaments.   Mvcor 
is  also  propagated  sexually 
by  conjugation,  i.e.  by  the 
production  of  zygosperms. 
When  two  filaments  come 
into  contact,  each  puts  out,  in  the  direction  of  the  other,  a 
cylindrical  protuberance  resembling  the  filament  itself  (Fig. 
396).   These  two  pro- 
tuberances    become 
closely  adpressed  to 
one  another  by  their 
ends,  and  grow  into  a 
club-shaped  body,  in 
which  a  quantity  of 
protoplasm    collects. 
When  both  have  at- 
__  tained  a  certain  size,' 

^r       V^     a  conjugating  cell  (c) 

3i,6.-Fo™a.™  of. ih=^-B<»p=™cf. !/»«-■   becomes     separated 
t'he'nutiyto''^gMi«mrK&'>^''"^°''°'™''    ^"^  '^^  Upper  end  of 
each,   the   two   con- 
jugating cells  being  usually  of  unequal  size ;  the  partition- 
'' between  the  two  soon  disappeais,  and  ihe-j  unite  to  for 
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the  zygosperm.  The  cell-wall  of  the  zygosperm  becomes 
separated  into  two  layers,  an  outer  one  of  a  darker  hue, 
cuticularised,  and  often  spiny,  the  exospon,  and  an  inner 
colourless  layer  of  pure  cellulose,  the  endospore.  The  g 
mination  of  the  zygosperm,  which  takes  place  only  aft»J 
.period  of  rest,  resembles  that  of  a  spore. 

The  Chvteidiace*  are  very  minute  organisms  of  simple  slrucli 
i  uncertain  position,  pariMtic  on  or  very  frequently  endophytic  in 
flowering  plants,  olgx,  or  oth^r  fiin^.  They  produce  zoospores,  which 
liuive  often  been  mistaken  for  those  of  the  host ;  and  tliey  are  said  also 
;|o  lie  repiodnced  by  conjugation.  Nearly  allied  to  ihem  are  the 
■PlPTOCEPHALID*. 

Sub-class  III,       O0M\TETES. 

The  mode  ot  sexual  reproduction  is  here,  as  in  the  Oophyceie,  the 
fecundation  of  an  aosphere  contained  in  an  oogonium,  by  tnotile  cili- 
ated antherozoids,  and 
the  consequent  pro- 
duction of  an  oosperm. 
The  noQ -sexual  re- 
productive oiEOJls  ajre 
either  motile  toosperts 
or  motionless  cimidia. 
On  genninatioB  the 
oosperms    give    birth 

f  either    to    sporangia, 

□  conidia,  or  to  eoo- 

,    thus    dis- 

n  alternation 

pifg. 

The    Perono- 

'  SPOS.WJ&  are  fiingi 
parasitic  on  living 
Phanerogams,  the 
tissues  of  which 
they  attack  and  de- 
stroy. The  myce- 
lium, ramifying  through  the 
toiiidiophores  (Fig,  397),  erect  bii 


274 


Structural  and  Physiological  Botany, 


the  surface  of  the  host,  whicti  again  branch  and  bear  ihe 
conidia.  These  are  either  simple  spores,  which,  on  ger- 
minating, directly  produce  a  mycelium,  or  they  are  soospor- 
angia,  their  contents  breaking  up  into  zoospores,  each  of 
which  gives  birth  to  a  mycelium.  The  process  of  sexual 
reproduction  is  nearly  identical  with  that  in  the  Saproleg- 
nie£e  (Fig.  398).  The  female  cells  or  oogonia  are  spherical, 
full  of  protoplasm,  and  usually  terminal.  Their  protoplasm 
collects  into  one  or  more  globular  masses,  the  oosf/ieres, 
which  have  at  first  a  smooth  sur- 
face, but  no  cell  wall  During 
the  formation  of  the  oogonmm 
slender  branches  from  its  pedicel 
or  Irom  neighbouring  filaments 
grow  out  towards  it  The  upper 
end  of  one  or  more  of  these 
branches  becomes  firmlj  adhe 
rent  to  the  oogonium  no  longer 
grows  swells  up  somewhat,  and 
becomts  separated  by  a  septum 
into  an  mdependent  cell,  the 
fertilising  ajithertdium  As  soon 
as  both  the  oogonium  and  anthe 
ridium  have  attained  their  full 
size,  and  the  oosphere  is  at  least 
in  process  of  formation,  the 
antheridium  puts  out  one  or  more  beak-like  protuberances, 
Hn^  fertilising  tubes,  which  pierce  the  wall  of  the  oogonium. 
In  the  Saprolegniete  these  tubes  give  way  at  the  end, 
and  inject  their  contents — minute  motile  bodies  scarcely 
I  mm.  in  size,  the  antheroaoids — into  the  oogonium.  In 
the  Peronosporese,  on  the  contrary,  the  fertiUsing  tubes  do 
not  burst,  but  only  touch  with  their  apex  the  oospheres, 
which  then  become  covered  with  a  cell-wall  of  cellulose, 
and  develope  into  the  unicellular  oosperms.  The  germinat- 
mg  oosperm  again  gives  rise,  after  a  Votvii,  period  of  rest,Jj 
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a  mycelium,  which  beare  first  conidia,  and  afterwards  the 
sexual  organs.  Or  in  oiher  instances  the  contents  of  the 
oosperm  break  up  into  zoospores.  Again,  the  germinating 
oosperm  may  produce  a  genninating  filament  or  pro-my- 
celitim,  from  which  the  new  mycelium  is  developed.    The 


rh  3«. — t.  Fly  whu:h  has  putrefied  in  water  and  becqnii:  suntmnded  hy  ihfe  fita- 
maai  tX  Safirolania  firnx  (oamtal  si«);  IT.  sod  of  one  of  these  filameois 
(nreatly  iiiBgni5ed);  til,  proloplaun  of  tbe  end  of  Lhe  filament  eollectine  into 
Rlobular  tmuu^es :  IV.  biriliate  vx^porss.  produced  ftoni  the  protoplBsm  escaping 
fiom  the  cell  (x  300). 


mycelium  of  Cysiopus,  an  extremely  common  parasite,  espe- 
cially on  Cruciferre,  is  provided  with  numerous  organs  called 
haustoria,  which  penetrate  the  cell-walls  of  the  host,  and  ex- 
tract the  nutriment  for  the  use  of  the  parasite.  The  Perono- 
sporeic  are  among  the  most  destructive  ijataa'A^^'i  ^.q  "w^-Mt 
LiJJanla    I'hylophtlwra  infestaiis  (."Fig,.  T,giy\?.ft\e.'«eSi^ 


I 


I 


276  Structural  and  Physiological  Botany. 

potato -blight.  The  zoospores  penetrate  into  the  mesophyll 
of  the  leaves  through  the  stomata,  especially  in  wet  weather, 
and  grow  rapidly  ;  the  mycelium  rapidly  deprivingthe  leaves 
of  their  food-supply,  causes  decay  of  the  haulm  and  tubers. 
(See  also  p.  230.) 

The  SapkolegkiE;^  (^'igs.  398,  399)  are  neatly  illied  to  the  Petono- 
sporEC,  but  grow  for  the  most  part  in  water,  and  chieHy  on  the  dead 
budies  of  insects.  The  two  modes  of  reproduction,  Kxual  and  non- 
sexun],  are  amilar,  but  mnny  of  the  Sapcolegnieie  are  dicecious,  the  male 
and  femnlc  organs  being  produced  only  on  different  plants.  Farthtno- 
gsnesis,  or  the  production  of  fertile  oospenns  without  the  action  of 
antheroioids,  occurs  io  Saproiegnia  and  AchJya.  Sapralignia  ferax  is 
the  parasite  so  extremely  destnictivc  to  salmon. 

The  Entomophthore.^  form  a  small  group,  apparently  interme- 
diate between  the  SaprolegnieK  and  Mucorini.  To  it  belongs  Emfnisa 
muscie,  which  covers  with  a  (locculent  growth,  the  liodies  of  flies  decaying 

Sui-c!ass  rv.  Carpomycetes, 
In  some  facoilies  belonging  to  this  class  the  fructification  is  a  ryslo- 
latp,  corresponding,  10  ii  certain  extent,  to  that  in  the  Carpophyceie, 
and  results  from  the  action  of  a  male  organ  ai  pollinodium  on  a  female 
organ  or  iorfogoitiuvi.  In  others  no  sexual  mode  of  reproduction  is 
known,  and  these  are  only  referred  hypothetically  to  this  sub-class. 
Non-sexnal  propagation  lakes  place  by  motionless  spores  or  cemdia ; 
zoospores  do  not  occur. 

The  .(liciniOMYcETKS  (or  Hypodermiiel  are  made  up  of  the  two 
&milies  Uredineie  and  Ualilagineie,  and  are  noteworthy  as  displaying 
the  most  remarkable  illustration  of  alUrttathn  ef  generations  in  the 
vegetable  kingdom. 

The  most  famiSiar  instance  of  this  alternation  of  genera- 
tions occuiB  in  some  Uredike:^,  as  in  the  common '  rust '  of 
com,  Puccinia grami'nis (see  alsop,  226).  The resting-s pores, 
or  telmtosports  (Fig.  400,  11.,  111.),  of  this  Fungus — thick. 
walled  spores  situated  at  the  apex  of  filiform  basidia,  either 
singly  or  in  pairs — produce  on  germination  a  pro-mycelium 
which  bears  three  or  four  sportdla  (Fig.  400,  iv.).  These  pro- 
duce  lirst  spermogoma  (Fig,  400,  i.},  narrow-necked  sacs 
containing  ujinute  bodies,  the  s^eraiaJio,  -nVvi^iVi  Tiie\i^\eNei 
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to  be  male  organs  thai  have  lost  their  function,  no  female 

organs  having  at  present  been  detected  in  thesi;  fungi ;  then 

cup-shaped  organs  which  were  at  one  time  described  as  a 

1  distinct  species  under  the  name  j'Eddinm.    The  mcidiospor^ 


/.  joo);    ( After  DeBary), 

I  formed  in  these  organs  give  rise  to  res  ting-spores,  or  pro- 

fc'doce  the  ureiospores  (Fig.  400,  11,),  out  of  which  nothing 

t'faut  fresh  uredospores  arise.     The  form  of  the  UredineK 

jpores  was  3.\sQ  loitn«Vj  tt^js.^ 


SA^^^J 


r 


I 
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as  a  distinct  genus  under  the  name  Ureio.  The  lecidia 
consist  of  round  or  oral  receptacles,  at  the  base  of  which  is 
the  hymeHtum,  consisting  of  club-shaped  basidia,  each  of 
which  produces  a  aeries  of  jecidiospores.  These  are 
liberated  by  the  bursting  of  the  peridium,  or  layer  of  pseudo- 
parenchyma  which  immediately  surrounds  the  iecidium  ; 
and  put  out  their  germinating  filaments  through  the 
stomata  of  the  host-plant.  On  these  are  produced  either 
uredosporcs,  round  or  oval  conidia,  or  teleutospores,  which 
commence  the  cycle  of  generations  afresh.  In  the  Uredineae 
this  alternation  of  generations  is  connected  with  a  change  of 
the  '  host '  on  or  in  which  they  live.  Thus,  the  resting- 
spores  of  Puccinia  hibernate  on  the  haulms  of  grasses ; 
while  the  germinating  filaments  developed  by  the  sporidia 
which  are  produced  from  them  in  the  spring  never  germinate 
on  grass,  but  penetrate  into  the  epidermal  cells  of  the 
leaves  ofthe  barberry,  and  rapidly  develope  there  into  the 
Fungus  previously  known  as  j£ciduim  Berheridu.  The 
spores  of  this  form  again,  when  they  enter  the  stomata  in 
the  leaves  of  suitable  grasses,  produce  in  them,  and  in  them 
only,  the  mycelium  of  the  Puccinia,  which  bears  uredospores 
and  resting- spores. 

The  UsTIlJ^GINE«  resemble  the  Uredinei  in  the  general  taclE  of 
their  life-history.  They  are  parasites  very  destnicfive  in  their  opera- 
tion,  especially  to  grasses.  Many  of  the  welt-known  diseases  of  cereal 
crops,  such  as  'smut,'  are  due  to  their  attacks.     (See  also  p.  za5.) 

The  Basidiomycetes  include  the  largest  and  best-known 
FungL  The  hymenium  or  reproductive  portion  consists  of 
several  layers  of  cells,  in  which  some  individual  cells,  much 
larger  than  the  rest,  are  known  as  basidia.  From  these  are 
abstricted  the  bastdiospora,  always  produced  in  fours  from 
the  apex  of  the  basidia.  These  reproduce  the  fungus 
directly,  and  no  sexual  mode  of  reproduction  is  known. 
The  mycelium  is  composed  of  septated  hyphse ;  this  puts  up 
the  large  massive  fructification  which  bears  the  hymenia, 
oilen  consisting  of  closely  packed  ar\d  interwoven  hyphg. 
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constituting  a  pseudo-parenchyma.  The  hymenium  may  be 
either  ex])osed  on  the  surface  of  the  fructification,  when  it 
s  gymnocarpom,  or  it  lines  internal  cavities,  when  it  is 
uingiocarpous. 

A  familiar  example  of  the  Hymenomycetes  is  furnished 
■  l^  the  common  mushroom,  Agaricus  catnpestris,  belonging 
■to  Che  family  Agaricini  of  the  order  Hymenomycetes. 
KThe  basidiospores  are  here  formed  only  on  delicate  plates 


■  ■Fig.  tat.—Vlafinaoia.A^tiTicvscamtiilrh:  one  yraing glnbular and  1' 


I  or  lamella  on  the  under  side  of  the  pikus  or  cap-shaped 
fructification,  which  is  elevated  on  a  stalk  or  stipes.  In 
many  fungi  this  fructification  is  naked  ;  in  others  the  lower 
side  of  the  pileus  is  covered  with  a  membrane  which  is 
ruptured  when  near  maturity  (Fig.  ^oi)  {I'elum parliale  or 
annulas)  ;  or  often  the  pileus  and  stalk  are  both  enveloped 
in  such  a  membrane  {velum  universale),  or  occasionally  both 

I  are  present  {Fig.  402   i.).    Among  the  baa\&a.  rae  ttw^ 


^^3i^^^^^^l 


I 
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to  be  found  other  greatly  enlarged  cells,  the  cysiidia,  the 
function  of  which  is  unknown,  but  which  are  possibly  barren 
basidia.  In  another  order,  the  Gasteromycetes,  including 
Phallus  and  Claihrus,  the  hymenium,  to  which  the  term 
gleba  is  also  given  in  these  cases,  is  distributed  into  chambers, 
and  is  enclosed  in  an  outer  layer  of  pseudo-parenchyma, 
the  peridiiim. 

It  is  believed  by  many  that  the  fructification  of  the 
Basidiomycetes  is  the  product  of  a  still  undetected  process 
of  impregnation  between  sexual  organs  occurring  on  the 
mycehum. 

The  fonn  of  the  hymenium  differs  in  different  families  of  the 
Hymenomyceles.  In  the  Agaricini  it  is  spread  over  the  surface  of 
lamella:  on  the  under  side  of  the  pileus  ;  in  the  Polyporei  {Polyporus, 
Bolitui,  &c.)  il  is  spread  over  the  cavity  of  tubes  or  pores;  in  the 
Hydnaceffi  over  teeth  or  spines.     The  Tternelljni  are  distinguished  by 

I   thdt  jelly-lilie  substance. 

[  Several  of  the  Hymenomycetes  display  the  phenomenon  al  phtupho' 
rescmct,  due  to  slow  decay  and  oxidation,  either  in  their  mycelium  or 
fhiclificalion.  The  peculiar  structures  known  as  '  rhiiomorphs,' 
common  in  damp  cellars,  ore  the  long  floccuient  persistent  mycelium 
of  several  species  of  A^ricus. 

A  number  of  the  Hymenomycetesi  is  Agarinis  campsstHs  the 
common  mushroom,  A.  tasareui,  A.  fnKents  the  '  paTosol-mu&hroom,' 
A.  prunulus  the  'plum-mushroom,'  A.  deliciesus,  Soietus  tdulii,  Can- 
tAarei/HS  eiSarius  the  'edible  chanlaielle, '  &c.,  are  edible;  while 
others,  as  Agaricus  Biuscariui  the  '  fly  amanita,'  A.  emelieus,  &c.,  are 
poiKHions.  Meniliits  lacrymoHs  is  the  dry-iot  so  destructive  to  titnber. 
Among  otficinal  species  nte  Baktus  laritis  and  Pelyfarus  fammtarius, 
which  yields  the  'amadou  '  of  commerce.  Among  the  more  comtnon 
Gasteromycetes  are  Lycnperdon  bmiista  the  'puff-ball,'  and  Pkalbts 
impudiat!  the  '  stink-horn. ' 

The  AscoMYCETES  are  a  very  numerous  class  of  fungi, 
growing  usually  either  on  dead  or  decaying  vegetable 
matter,  and  distinguished  by  the  formation  of  ascospores,  by 
free  cell- formation,  within  special  sacs  or  asci.  Other 
sexual  reproductive  cells   ate    romita,  '5\q6.'cice.&. 
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I  ordinary  way  on  contdiophorei,  and  sometimes  supported  on 
basal  cells  known  as  dtrigmata  ; 
and  stylospores,  produced  internally 
in  special  receptacles,  \!a&  pycnidia. 
Bodies  known  as  spermalia  are  also 
found,  within  spermogonia,  which 
are  believed  to  be  male  sexual 
cells  that  have  lost  their  function  ; 
they  appear  to  have  no  power  of 
germination.  The  asci  are  often 
enclosed  in  a  special  layer  of 
pseudo-parenchyma,    the  perithe- 

IFk;  ^^  —  ^f*™"  •'«'»raia  diim  (Fig.  403) ;  and  the  asci  are 
ihochinij'iawilx^flbtMii^'  not  unfrequently  accompanied  by 
barren  filaments,  the  parapliyses. 
If  the  fructification  or  collection  of  asci  is  completely 
open,  it  is  known  as  an  apothecium.  In  a  large  number 
of  the  Ascomycetes  no  sexual  organs  have. at  present 
Fig., 


(nuenifial) ;  II. 


dflvdopnunl,  and  pojaphyb 


Xr^ 


onglym 


iiin«ix 


been  detected,  as  is  the  case  universally  with  the  Hyme- 
nomycetes  ;  in  others,  as  in  the  Discomycetes,  (Figs.  403, 
404),  the  fructification  is  the  result  of  the  fertilisation 
of  a  ^af^^t^iium  by  a  pollinodium.  Each  of  these  organs 
.  consists  of  a  series  of  short  crooked  ceVh  ansm?,  oft  T^ei^h- 
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bouring  branches  of  the  mycelium.  Fecundation  is  effected 
by  the  poUinodium  coiling  itself  round  the  carpogonium, 
and  passing  into  it  the  protoplasmic  contents  of  its  cells. 
One  of  the  cells  of  the  carpogonium  then  dcvelopes  into 
the  'ascogonium'  or  'scolecite'; 
this  puts  out  numerous  hyphie, 
on  which  are  borne  the  asci. 
The  ascospores  being  always 
produced  by  repealed  bipartition 
(free  ceU- formation)  of  the  con- 
tents of  the  ascus,  their  number 
is  always  some  power  of  1,  the 
most  usual  being  8.  The  asco- 
spores have  always  a  double 
coat :  an  cxospore,  cuticularised 
and  often  warty,  and  an  endospore 
of  pure  cellulose.  On  germina- 
tion they  produce  a  mycelium. 
Many  of  the  Ascomycetes  pro- 
duce scierotia,  dense  masses  of 
hyphje,  enveloped  in  an  indu- 
rated 'rind'  or  'cortex.'  They 
are  the  resting  condition  of  the 
fungus,  and  develop  a  mycelium 
on  germination. 

Some  of  the  Discomycetes  are 
loige  coDspicuous  fungi,  3^  (at  example 
the  edible  morel  (Fig.  405),  olhers,  like 
the  various speaes  of /fesisa,  are  smaller, 
■often  very  beautiful  objects,  growing  on  garden  path; 
■&C.  The  disease  known  as  '  muscaidine,'  which  attacks  the  latva 
■of  Ihe  silkwonn  moth,  is  the  '  botrytia '  form  of  a  Peziia  (fonnerly 
called  Bolrylis  baiHima),  producing  conidia  as  its  only  reproductive 
organs.  The  scierotia  of  other  spedes  are  exceedingly  destructive  to 
clover  and  other  crops.  To  another  order  of  the  Ascomycetes, 
Tnheracere,  belongs  the  edible  truffle,  Tut-er  aili-vum  (Fig.  Aa6V. 
Mdible  portion  or  (hiclificatioii  being   pioivitti  tiiA^   -ot&h^sww^^ 


Fuai 
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Many  of  the  commonest  kinds  of  mould,  such  us  ihe  ordinary  blue 
mould  of  cheese,  A:c. ,  are  fungi  belongiog  to  the  geoem  PeniciUium 
and  Asfergillus,  lowly  developed  forms  of  the  Ascomycetcs. 


In  PeniciUium,  one  of  the  commonesC  forms  of  these 
moulds  (see  Fig.  i,  p.  7),  both  the  concealed  part  or  mya- 
Hum,  and  that  portion  which  is  exposed  to  the  atinosphere, 
the  aerial  hyphm,  consist  of  cells  which  agree  in  every  essen- 
tial point  (except  the  absence  of  a  nucleus)  with  the  typical 
cell,  varying  only  in  size  and  form.  The  only  reproductive 
bodies  seen  here  are  conidia,  that  is,  ordinary  cells  of  a 
spherical  form  produced  at  the  ends  of  the  aerial  hypha, 
and  detached  in  succession.  They  are  true  spores.  They 
have  the  same  profierty  as  the  Saccharomyces  cells,  of  retain- 
ing their  vitality  for  a  long  period  when  dried ;  and,  from 
their  extreme  lightness,  are  in  this  form  disseminated  with 
the  greatest  facility  through  the  air.  On  reaching  a  nutrient 
substratum  they  germinate,  A  bulging  makes  its  appear- 
ance at  one  or  more  points  of  the  cell-wall,  and  the  cell 
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rapidly  lengthens  in  one  or  more  directions,  and  becomes  a 
radiating  and  branched,  but  still  unicellular,  hypha.  Subse- 
i-juently  the  protoplasm  divides  transversely,  septa  of  cellu- 
lose are  formed,  and  the  hypha  becomes  multicellular. 
Some  branches  of  the  hyphfe  extend  downwards,  forming 
the  mycelium,  while  others  direct  themselves  upwards,  and 
constitute  the  aerial  hyphte,  which  break  up  into  conidia. 
Under  ordinary  circumstances  the  conidia  are  the  only 
reproductive  organs  of  Penicillium  and  Aspergillus  ;  but,  as 
with  other  Tuberacese,  when  in  entire  darkness,  sexual 
fructifications  are  produced.  Under  these  conditions  the 
ascogonium,  after  it  has  begun  to  germinate,  remains  for  a 
long  time  in  a  sclerotoid  state.  But  when  germination  is 
induced  by  artificial  means,  the  ascoplwrom  hypha  separate 
themselves  from  the  sclerotium,  and  form  asci,  in  each  of 
which  are  four  ascospores.  These  germinate  and  produce  a 
mycelium,  which  again  bears  conidia. 

Another  parasitic  fungi,  the  Claokeps  purpurea,  the  cause  of  'ergot' 
of  rye  (see  Fig-  3?S.P-  22S),  belongs  to  the  Pyrenomycetes,  another  order 
of  Ascomycetes  ;  the  mediciDal  ergot  being  a  acleiotium  focmed  in  the 
ovary  of  the  grass  (see  also  p.  237).  Erystphe  Tiukeri  (Fig.  376, 
p.  239),  fonneily  known  as  '  oidium,'  is  the  cause  of  the  well-known 
vine-mildew  (see  also  p.  32E). 

Lichens  (Figs.  407-417)  should  properly  be  regarded, 
not  as  a  separate  section  of  the  Ascomycetes,  or  even  of 
Fungi,  but  as  a  peculiar  condition  of  growth  of  many  fungi, 
chiefly  belonging  to  the  Ascomycetes.  They  usually  con- 
sist, when  mature,  of  a  well-developed  layer  of  tissue,  the 
titalhis,  composed,  like  that  of  Fungi,  of  intenvoven  hyphffi, 
which  form  a  fibrous  pseu do- parenchyma.  Imbedded  in 
this  thallus  are  round  or  oval  cells  of  a  green  or  blue-green 
colour,  t\ic  gottidia.  Three  types  of  structure  of  the  thallus 
may  generally  be  distinguished  :  the  Stratified,  the  Pictorial, 
and  the  Gelatinous.  If  the  gonidia  are  irregularly  distributed 
throughout  the  thallus,  it  is  said  to  be  homoiomert/us  ;  if 
^Jiiey  are  arranged  in  definite  layers,  it  is  kettrovm. 
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^V       Sections  through  the  thallus  of  the  Stratifiid  Lichens 

^H  .(Fig.  408)  almost  always  show  two  distinct  layers  of  tissue, 

^r  a  comparatively  thin,  usually  transparent  but  close  outer 

layer  or  cortex,  and  an  inner  looser  hyphal  layer  enclosed 

by  the  former,  the  medulla.     The  two  layers  are,  however, 

formed  of  ramifications  of  the  same  hyphse.     At  the  line 

^here  they  meet,  the  gonidia  almost  always  constitute  a 

me  of  variable  thickness,  the  gonidial  layer  (Fig,  408  g), 

1  the  Fraticose  Lichens  the  cortex  commonly  constitutes  a 

T  of  uniform  thickness  all  round ;  while  in  the  Foliaceous 

ns  it  is  usually  different  on  the  upper  surface  exposed  to 

^e  light,  and  on  the  under  surface.     The  thallus  of  the 

<Cruiiaieous  Lichens  presents  an  affinity  to  the  latter  form  in 

')eing  fixed  to  the  substratum  by  capillary  or  brisfle-like 

,  so  that  it  cannot  be  removed  without  injury. 

The  Pictorial  Lichens  or  Graphidese  form  ihin  patch-like 

I  incrustations  on  stones  and  the  bark  of  trees  (Fig.  411). 


The  chief  peculiarity  of  their  thallus  consists  in  the  nature 
of  their  gonidia,  which  are  often  united  into  many-celled 
alga-like  rows  of  cells  (Fig.  412),  increasing  in  length  by 
division  of  the  terminal  cell. 

The  thallus  of  the  Gelatinous  Lichens  (Fig.  413)  has  a 

leaf-like  or  an  arborescent  form,  or  consists  of  granules 

which  constitute  an  incrustation.     When  dry  it  is  cartila- 

|,ginous  or  brittle,  and  then  absorbs  walet  ea%et\^^^-«^ 


'm 
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into  a  gelatinous  body.  Sections  (Fig,  413  i.)  show  that  it 
consists  of  gonidia  and  narrow  filaments  of  cells  imbedded 
in  an  apparently  homogeneous  jelly.  The  contents  of  the 
cells  are  always  colourless  and  invisible,  and  apparently 
contain  no  organised  constituents  such  as  grains  of  starch. 
The  cell-walls  of  many  Lichens  (as,  e.g.,  the  so-called  '  Ice- 
land moss,'  Cetraria  islandUd)  swell  up,  when  boiled 
water,  into  a  homogeneous  jelly,  forming  the  so-called 
'  moss  or  lichen- starch,'  or  liclimin. 


Among  the  non-sexual  organs  of  reproduction  of  Lichens 
are  the  soredia  (Fig.  410),  which  are  developed  in  the 
gonidial  layer  ;  groups  of  gonidia  become  enclosed  in  pecu- 
liar fibrous  envelopes,  and,  when  so  completely  inwoven, 
grow  rapidly,  and  thus  exercise  a  pressure  on  the  cortex 
which  ruptures  it.  The  soredia  which  protrude  through  the 
crevices  caused  in  this  way  increase  in  the  same  manner  or 
develope  into  new  individuals.  In  addition,  Lichens  are 
also  provided  with  stylospores  contained  in  pycnidia. 

True  sexual  organs  of  reproduction  occur  in  Lichens, 
namely  a  carpogenium,  fertilised  by  spermatia  cont 
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ipermogonia  ;  but  although  these  organs  are  general  in  all 
the  groups,  it  is  only  in  the  Collemacea  that  the  actual 
ptw:ess  of  impregnation  has  been  observed.  The  carpogo- 
nium  consists  of  two  parts,  a  straight  triehogyne,  and  a  coiled 
ascogonium.  The  point  of  the  trichogonium  protrudes 
through  the  surface  of  the  thallus,  in  which  the  rest  of  the 
thallus  is  imbedded,  the  spermatia  are  carried  to  it  by 
currents  of  water,  and,  passing  through  it  to  the  ascogonium, 
fertilise  the  oosphere  contained  in  the  htter.  From  the 
ascogonium  are  then  devtioped  barren  paraphyses,  and 
icopJioroiis  hypha,  which  bcir  the  as  1       'J'he  receptacle 


which  contains  the  asci  is  either  an  open  apot/iectum  (Figs. 

407,   p.   286;  414),  hke  that  of  the  Discomycetes,  when  the 

Hchen  is  said  to  he  gymnocarpous,  or  a  closed  perilhecium, 

like  that  of  the  Pyrenomycetes,  when  it  is  angiocarpous. 

[    The  development  of  the  apotbecia  always  begins  in  the 

I.  interior  of  the  thallus.     When  mature  they  consist  of  the 

f  external  tissue  or  excipulum  ;  of  a  layer  in  which  larger  and 

stouter  hyphal  filaments  are  developed  than  those  found  in 

the  remainder  of  the  tissue,  the  ascophorous  hyphse  or  sub- 

hymenial  layer  ;  and  of  the  trae  hyimmal  laytr,  composed  of 

I  parallel  hj-phte  or  paraphyses  and  of  the  asci.     These  latter 

L  usually  contain  eight  ascospores  formed  simultaneously. 

The  compound  nature  of  Lichens,  due  to  a  symbiosis  of 
t  Fungus  and  an  Alga,  may  now  be  said  to  be  completdi 


290  Stnichiral  and  Physiological  Botany. 

established  The  gonidia  are  groups  of  Algre,  or  rather  of 
chlorophyllaceous  Protophyta,  belonging  either  to  the  Pal- 
mellaceE  or  the  Nostocaceas.  The  wholu  of  the  rest  of  the 
Lichen,  including  the  sexual  organs,  belongs  to  a  Fungus 
which  carries  on  a  Idnd  of  parasitic  existence  on  the  gonidia, 
and  which  belongs  in  the  great  majority  of  cases  to  the 
Ascomycetes,  rarely  to  the  Hymenomycetes.  The  gonidia 
can  be  detached  from  the 
thallus,  and  will  then  cany  on 
an  independent  existence,  re- 
sembUng  in  all  respects  that  of 
the  green  organisms  named  ; 
and   in  a   few   instances,   as 


Fio.  ^\i.—C!adBnla  digilsfa^  a  Fig.  ii6.— Crtf 

FnilicoK  Lichen  :  o  nnolhccia  ;  Lichen;   [he  „...   _. 

icuf;  cfoliiiceous  IhafluBfnalu-  fringrd,  and  heats  siper 

ml  sat).  edge  of  the  fringe ;  there 

that  of  CoUema  glaucesans,  the  perfect  Lichen  has  been  con* 
structed  synthetically,  by  causing  the  spores  of  the  Fungus 
to  germinate  in  contact  with  the  Alga. 

Lichens  are  classified  ns  under,  vii.  :  — 

\.  Lichens  wiih  h  stratified  thallus :— HeTEROMEROtis  Lichens. 

1.  Fruticosg   Lichens ;    thallus  moce   or  less  arborescent  id 

form  (Figs.  407-410,  p.  a86 ;  415,  416). 

2.  FoLlACEOus  Lichens :  Ihallus  leaf-like  [Fig.  417). 

3.  Crustaceous  Lichens :  ihdluj  ci 


with  npotheda. 
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n.  Lichens  with  unsiratified  Ihailus :— Homoiomerous  Lichens. 
I.  Gelatinous  Lichens:  Ihallus gelatinous  (Fig.  413,  p.  jgS). 
2.   PiCTOBlAL  Lichens  :  ihallus  forminE  a  very  ihin  irregular 
incrustation  (Figs.  411,  41a,  p.  28^). 
The  gelatinous  liehmin,  chanicterialic  of  many  Lichens,  renders 
thetn  useful  as  articles  of  food  to  Dorthem  nations  and  their  d 
s  medidnal  products. 


Of  this  character  are  the  so-called 
'  Iceland  moss '  Celraria  islaudUa, 
(Fig.  41&),  the  '  rein-deei  moss' 
Cladonia  rangiftrina,  and  Slitla 
paifnonacea^  Parmeiia  parietina  is 
also  used  as  a  febrifiige,  from  ita  con- 
taining a  bitter  principle,  which  is 
present  also  in  other  Innds.  Several 
other  Lichens,  as  Roccilla  tincteria, 
Lecanora  laiiarea,  Variolaria  dml- 
bala,  GyraplinTa  pustulata,  and 
Lecanara  aim  are  also  iraportant 
articles  of  commerce,  in  consequence  of  a  pigment  which  ia  blue  |i 
red  according  to  the  mode  io  which  it  has  been  prepared,  and  « 
is  known  as  orchil,  litmus,  and  cudbear. 

Lichens  are  most  abundant  in  the  colder  regions  of  the  globe,  i 
occur  on  the  utmost  limits  of  vegetation.     From  this  circumstance,  and 
from  the  ease  with  which  they  grow  where  the  means  of  living  are  ex. 
tremely  scanty— some  of  them  nourishing  on  bare  hard  rocks,  and  others 
even  thriving  on  glass  and  iron— they  arc  of  considerable  importance 
the  economy  of  Nature. 

CHAR  ALES. 

■  Class  IV.     Characea:. 

The  Characeffi  presetit  in  their  structure  and  develops 
ment  a  transition  from  AlgK  to  MuscincK  ;  for,  although " 
very  similar  in  habit  to  many  Algse,  and  therefore  at  one 
time  included  in  that  class,  they  are  nevertheless  really 
more  nearly  allied  to  Mosses,  not  only  in  their  mode  of 
germination,  but  because  they  are  Acrogens  in  contradistinc- 
tion to  Thallogens,  They  grow  in  fresh  water,  and  consist 
of  cellular  filaments,  which  are  branched  in  a  verticillate 


r 
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manner  at  regular  intervals  (Fig,  418  1.).     There  are  f 
two  genera,  Chara  and  Nttella^  known  as  'Brittle-worts,' 


ire  onT^'fl 

e-worts,'   I 


including  a  considerable  number  of  species  distributed  o 
the  whole  globe.    In  Niiella  eac\i  inietnode  consists  of  o 
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a  single  cell,  while  in  the  stem  of  Chara  there  is  a  central 
or  axial  cell,  surrounded  in  a  spiral  manner  by  other  cells, 
which  fonn  a  cortex.     Multiplication  takes  place  partly  by 
single  cells  becoming  detached,  partly  by  impregnation.     Ii^-j 
some  species,  as  Chara  hispida  (Fig.  41 9)  an  antheridium  01;  1 


^^i 


o(Chiirithiifuln{miR' 


'globule'  and  a  female  organ  called  the  'nucule'  staoct] 
beneath  a  lateral  branch  ;  in  other  species  the  two  orgai 
which  may  be  recognised  in  an  immature  condition  as  small 
red  knobs  on  the  plant,  are  found  on  different  individuals. 
The  antheridium  (Fig.  418  111.,  a)  is  a  sessile  globular  body, 
and  consists  of  eight  cortical  cells  which  open  when  ripe.  In 
the  interior  are  a  number  of  cellular  filaments  (Fig.  420  i.), 
coiled  round  one  another,  from  each  separate  cell  of  which 
is  developed  an  antherozoid  or  spermatozoid  (Fig.  420  ji.). 
The  archegonium  (Fig.  418  111.,  b)  consists  of  an  axial  row  of 
cells  which  is  closely  surrounded  by  five  tubes  coiled  spirally 
round  it.  The  oosperm  is  developed,  as  the  result  of  im- 
;gnation,  from  the  large  apicaV  ceW  ol  t\\e  \Tvt\itt  ■a:».'^ 
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(he  oosphere.  In  the  autumn,  when  the  annual  plant  dies 
down,  the  oosperm  falls  to  the  bottom  of  the  water,  the 
young  plant  developing  from  it  in  the  spring.  The  first 
algoid  cells  of  the  yoimg  plant  are  cons\&eieA  a.  prof/iallium, 
on  which  the  plant  itself  grows  as  a  lateral  branch  (Fig. 

1418  11.).  The  process  of  impregnation  itself  takes  place  in 
this  manner.  At  the  moment  of  maturity  the  neck  of  the 
five  peripheral  tubes  of  the  archegonium  becomes  loosened, 
and  between  tlie  five  clefts  thus  formed  antherozoids  pene- 
trate into  the  oosphere.  The  Characeie  have  no  economical 
or  medicinal  value,  but  are  of  importance  in  respect  to  our 
knowledge  of  the  life  of  plants. 
[Several  species  of  Chara  are  common  in  freshwater 
ilitches,  ponds,  and  streams,  forming  tangled  masses,  easily 
distinguished  from  Alga;  by  the  verticillate  arrangement  of 
the  branches,  and  by  the  gritty  nature  of  the  whole  plant 
caused  by  the  deposition  of  calcareous  matter  ;  when  de- 
caying the  plant  emits  an  offensive  smell,  resembling  that  of 
sulphuretted  hydrogen.  Nitella  is  not  so  abundant,  and  is 
destitute  of  the  calcareous  incrustation.  The  plant  is,  in  each 
case,  fixed  in  the  soil  by  slender  root-filaments  or  rkisoids. 
The  central  or  axial  cell  of  each  intemode  in  C/iara  is 
very  large  compared  with  the  size  of  the  cells  which  sur- 
round it,  and  which  form  the  cortical  layer.  Each  node 
consists  of  a  transverse  plate  of  small  cells  resembling  those 
of  the  cortical  layer,  and  separating  the  intemodal  cells 
from  one  another.  The  branches  and  secondary  branches 
(sometimes  called  leaves)  resemble  the  stem  in  structure,  the 
latter  always  ending  in  a  much -elongated  pointed  cell.  The 
apex  of  the  stem  forms  a  compact  terminal  bud,  beneath 
which  the  intemodes  become  gradually  longer  as  you 
approach  the  base  of  the  stem.     Growth,  i.e.  the  formation 

I  of  new  nodes  and  intemodes,   takes    place    immediately 
beneath  this  terminal  bud,  new  rhizoids  being  first  formed, 
and  then  branches  bearing  in  their  axils  the  reproductive 
Ji'ganx,   which  are  easily  made  out  a^  m\T\M\fc  ctMi'tt-wd. 
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bodies.  A  vegetative  mode  of  repraduciion  sometimes 
takes  place  by  means  of  bulbils,  which  become  detached. 
The  growing  point,  which  occupies  the  centre  of  the  ter- 
minal bud,  consists  of  two  cells  lying  one  above  another ; 
while  beneath  the  lower  of  these  is  another  ceU  which 
divides  longitudinally,  and  developes  into  the  cellular  trans- 
verse partirion  or  node.  Below  this  again  is  a  single  elon- 
gated intemodal  cell,  and  beneath  this  again  a  rudimentary 
node,  and  so  on.  The  intemodal  cells  increase  in  size,  but 
never  divide.  The  leaves  or  lateral  branches,  on  the  other 
hand,  are  developed  from  outgrowths  of  some  of  the  peri- 
pheral cells  of  the  node.  The  cortical  layer  which  surrounds 
each  intemode  is  developed,  not  from  the  intemodal  celt, 
but  by  continual  growth  and  division  of  the  peripheral 
nodal  cells,  which  from  the  first  overlap  the  intemode,  and 
gradually  assume  a  spiral  arrangement.  The  cells  of  Cliara 
always  contain  a  micleus,  and  afford  a  remarkably  good 
illustration  of  the  phenomena  of  rotation  (see  p,  10).  This 
movement  is  exhibited  especially  in  the  inner  layer  of 
protoplasm  next  the  central  vacuole,  the  nucleus  being 
carried  round  in  the  stream  ;  while  the  outermost  layer 
which  includes  the  chlorophyll-grains  is  quite  motionless. 

The  eight  cortical  cells  of  which  the  wall  of  the 
antheridium  or  'globule'  consists,  are  sometimes  called 
shields ;  the  four  neater  the  base  are  four-sided,  the  four 
nearer  the  apex  three-sided.  From  the  middle  of  the  inner 
face  of  each  shield  a  cylindrical  cell,  termed  a  manubrium^ 
projects  inwards,  nearly  to  the  centre  of  the  antheridium  : 
and  at  the  extremity  of  each  manubrium  is  a  roundish 
hyaUne  cell,  the  head  or  capituluni.  The  shields,  manubria, 
and  capitula  form  therefore  together  twenty-four  cells, 
which,  together  with  the  pedicel-cell  of  the  antheridium, 
constitute  its  framework.  Each  capitulum  bears  six  smaller 
cells,  secondary  heads  or  capitula ;  and  from  each  of  these 
grow  four  long  whip-shaped  filaments,  the  number  of  which 
therefore  is  about  aoo.  Each  of  these  loo  ttskWieMs  fei\*iHS. 
transversely  into  from  100  to  loo  te\\s,  m\4.  to  e.-ac:n  dv-^vcssi 
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cells  an  antherozoid  is  produced  (Fig.  4^o,  i.  ]i.),  provided 
with  two  cilia,  by  means  of  which  it  moves  rapidly  about 
when  it  escapes,  by  the  separation  of  the  shields  and  rupture 

tof  the  parent-cell.  The  number  of  antherozoids  produced  by 
a  single  antheridium  may  therefore  be  from  20,000  to  40,000. 
The  Characea;  do  not  exhibit  any  true  alternation  of 
generations  ;  the  fertibsed  oosphere  germinating  directly  in 
the  soil,  without  the  intervention  of  a  non-sexual  generalioa 
The  young  plant  is  developed  from  the  growth  of  a  single 

Icell  of  the  prothallium,  situated  at  some  distance  below  its 
fiee  extremity ;  this  cell  gives  rise  to  a  set  of  leaves,  among 
which  a  bud  appears  which  grows  into  a  new  CZ/ara.— Ed.] 


MUSCINE^E. 


Class  V.  Hepaiim. 
The  Hepaticffi  or  Liverworts  are  elegant  delicate  plants, 
usually  of  a  bright  green  colour,  which  form  a  beautiful 
transition  from  the  Thallogens  to  the  Acro- 
gens.  Many  of  them,  as  Anthoceros  (Fig. 
421),  are  true  Thallogens,  having  no  leaves, 
and  are  included  in  the  class  only  on  account 
of  their  mode  of  reproductiorL  Some  bear  a 
great  external  resemblance  to  certain  Lichens; 
and  in  others  the  true  leaves  are  only  repre- 
sented by  scales.  These  forms,  the  Thalloid 
or  Frondose  Hipaticm  (Fig.  422),  are  con- 
trasted with  the  Fotiose  forms  ;  but  even  in 
these  latter  the  leaves  never  have  so  mucli  as 
a  mid-rib,  even  when  the  stem  contains  vas- 
cular bundles  of  low  organisation  in  the  form 
of  cambium  -  strings.  Often,  especially  in 
Jungermannia  (Fig.  423),  the  leaves  stand  in 
•.rat  imiis:  a  a  two  rows,  running  in  right-  or  left-handed 
lus  iporDgonium.  gpj^jjjg^  ji^  some  genera  with  stems  creeping 
'  the  earth  or  on  the  bark  of  Uees,  be^\Aes  these  larger 


special  Morphology  and  Classificatiou.         zg? 

I  leaves,  which  are  all  on  tlie  upper  side,  there  is  a  third  row 
F  of  smaller  leaves  (Figs.  424  11.,  425),  the  ainphigasiria, 
I  ftdpressed  to  the  under  side  of  the  stem.     The  Hepatic^^ 


hanlia  polympi^tt :    \-  thallu^  wilh  Ave  aiiLhcridiol  reccHncEcs 
;  [L  ihdluii  with  an  archeeiwia]  redepiacle  inaiural  si?p);  III. 

never  have  true  roots ;  rkisoids  replace  them  both  in  position 
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The  internal  structure  of  the  stem  is  extremely  simple. 
In  the  Foliose  Hepaticje  it  consists  of  an  elongated  paren- 
diyma  more  strongly  thickened  externally,  and  thus  forming 


I  a  cortical  layer  passing  over  gradually  into  the  central  tissue. 
The  Thalloid   Hepatiae,   on  the  contrary,  have  a  well- 


ificdli  II.  ItaTof 
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marked  epidermis,  in  which  are  a  few  scattered  stomata, 
and  which  puts  out  rhizoids  from  its  under  side.  In  the 
most  highly  developed  order,  the  MarchantieK,  we  find  the 
first  rudiments  of  vascular  bundles,  in  the  form  of  elongated 
ceils  containing  little  or  no  chlorophyll  but  often  crystals. 
The  leaves  consist  of  a  single  layer  of  imifonn  tabular 
cells. 
There  are  two  modes  of  reproduction  :  by  fertihsed 
oospheres,  and  by  asexual  buds  or  ^j»m;«ib.  The  latter  are 
groups  of  cells  which  become  detached  from  the  plant,  and, 
under  favourable  circumstances,  develope  into  new  indivi- 
duals. In  the  Thalloid  Hepaticie  they  are  usually  found 
at  the  bottom  of  saucer-  or  spooQ-shaped  organs,  the 
aipuks  (Fig.  349,  p.  179) ;  in  other  families  they  arise  on 
the  margin  of  the  leaves  or  at  the  apes  of  the  stem. 

I  The  sexual  organs  arise  on  the  stem  of  the  mature 
plant ;  some  species  being  montEcious,  and  others  diiEcious. 
The  male  organ,  or  anihertdium,  is  a  stalked,  usually  spheri- 
cal body,  consisting  of  a  cellular  envelope  or  coat,  and  an 
internal  portion  formed  of  delicate  cells.  These  last  escape 
when  the  organ  is  mature,  a  spermatozoid  or  antherozoid 
having  previously  been  developed  in  each  cell,  consisting  ol 
a  spirally  coiled  thread  furnished  at  the  end  with  two  long 
vibratile  hairs  or  cilia.  The  female  organ,  or  arehegoiiiuvi 
(Fig.  422  IV.)  is  a  flask-shaped  organ,  enclosing  near  its  base 
a  large  central  cell.  A  canal  leading  to  the  central  cell  is 
formed  in  the  neck  of  thearchegonium  by  the  disappearance 
of  the  septa  of  the  axial  bundle  of  cells,  the  canal-cells  ;  the 
canal  appears  to  be  at  first  closed  outwardly,  but  opens  at 
the  period  of  maturity  by  the  separation  of  the  apical  cells, 
and  thus  gives  access  to  the  anlherozoids.  Before  the 
antherozoids  reach  the  central  cell,  the  oosphcre  has  been 
formed  in  the  latter  by  free  cell -formation,  and  gradually  in- 
creases to  such  a  size  as  completely  to  fill  up  the  central 
cell,  the  sporogonium  being  developed  from  it  after  impr^- 
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nation.  The  rudiment  of  this  organ  is  first  of  all  surrounded 
by  a  cell-wall,  and  then  gradually  developes — under  the 
shelter  of  the  archegonium,  which  grows  with  it  and  which 
b  from  this  time  called  the  calyptra. — and  developes  into 
the  stalked  sporogonium.  The  sporogonium  does  not  any- 
where unite  in  its  growth  with  the  vegetative  structure,  even 
when  its  pedicel  penetrates  into  its  tissue.  ^Vhen  mature, 
the  sporogonium,  elevated  by  the  sudden  and  rapid  increase 

I  in  length  of  the  pedicel  or  seta,  ruptures  the  calyptra,  opens, 
and  allows  the  escape  of  a  great  number  of  spores.  As 
a  rule,  several  archegonia  are  grouped  together  into  a  female 
or  archegotual  receptacle,  and  several  sntheridia  into  a  male 
or  anllieridial  receptacle.  The  archegonium  is  sometimes  sur- 
rounded by  a  so-cailed  'calyx'  [or  perichiEtium\  consisting 
of  several  connate  leaves.  In  the  sporogonia  of  the  Hepa- 
ticK  there  usually  occur,  in  addition  to  the  spores,  also 
peculiar  elongated  cells  termed  elaiers,  furnished  with  a 
brown  spiral  band,  which  is  sometimes  simple,  as  in  J'nil- 
lania,  sometimes  double  (Fig.  422  iii.).  Rarely,  as  in 
Anthoceros,  a  row  of  cells  or  columella  remains  in  addition 
in  the  axis  of  the  sporogonium  (Fig.  421).  The  sporo- 
gonium usually  opens  with  four,  in  Anthoceros  with  two 
valves ;  in  the  Riccieie  it  bursts  irregularly.  On  germina- 
tion the  spore  first  puts  out  an  irregular,  often  filiform,  struc- 
ture, the  prothallium,  on  which  the  bud  is  produced  from 
I  which  the  young  plant  arises.  The  course  of  development 
of  the  Hepaticffi  shows  a  dearly  marked  alternation  of 
generations.  The  first  (sexual)  generation  begins  with  the 
germinating  spjore,  and  doses  with  the  act  of  fertilisation  j 
the  second  (asexual)  generation  consists  of  the  sporogonium. 
J 


The  Hepstic^e  a.re  daEsified  into  four  families  : — 

,   RicciEffi.     The  thallus  is  expaaded  flat  and  floats  on  watec  ;  the 

B  sntheridia.  and  aichegonia  ole  imbedded  in  Ihethnllus,  and  do  not  project 

,"  /Ae  sporogonium  dehisces  irregulntly,  ond  contains  no  elalere. 

3.  AsTHOCEROTVJE.     The  ihallus  is  expanded  ftav-,  ^e  -jod-like 
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Btallied  apoiogDnium  has  a  coluinella  ;  [iheelaleis  have  no  spiral  bands]  , 

f^Fig.  431,  p.  296). 

.  MAkcKANTiE*.     The  Hat  coriaceous  thallus  is  branched  dicho-  | 

*  tomously  [and  possesses  a  mid-rib;  it  is  chaTacterised  by  stomita  of 
remarltable  complexity].     The  spon^nia  are  collected  on  a  stalked  1 

organ  ot  archcgonial  receptocle,  and  burst  into  four  valves  ;  [Ibey  con-  | 

tain  elaters]  (Fig,  432,  p.  ag?).  ; 

t4.  J UNGERM ANNIES.     [The  Vegetative  structure  is  usually  differ- 
entiated into  a  stem  and  distinct  leaves] ;  the  sporogonlum  burst 
fimr  valves  [and,  contains  elateis]  (Fig.  423,  p,  398). 
The  Hepatic^  are  distributed  throughout  the  world,  but 
but 
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% 


The  Musci  or  Mosses  are  nearly  related  to  the  HepaticK ; 

Plnit  aie  in  general  of  a  higher  type,  no  longer  possessing  any 
of  the  characteristic  features  of  Thallogens,  but  having  a 
cylindrical  stem  covered  with  leaves  (Figs.  427,  434}.  The 
stem  of  the  order  known  as  Sphagnacese  is  divided  by  nar-  | 

row  elongated  cells,  which  are  often  lignified,  into  a  central  I 

large-celled  axial  and  a  looser  cortical  portion  consisting  of         1 
only  a  few  cells  {Fig.  426  I.).    True  vascular  bundles  are         1 
altogether  wanting ,  but  in  most  other  families  of  Mosses         I 
there  is  in  the  centre  of  the  stem  an  axis  of  simple  struc-         ' 
ture,  which  does  not  contain  true  vessels,  but  which  is  often 
described  as  a  vascular  bundle  (Fig.  426  11.).     This  often 
consists  only  of  a  few  thick-  or  thin-walled  cells,  not  sharply 
distinguished  from  the  parenchyma  of  the  stem,  which  serve 
for  the  cotiduction  of  the  sap,  and  therefore  perform  the 

Ljiinction  of  a  vascular  bundle.     In  some  Mosses  there  are, 

■  however,  cells  with  thicker  walls,  on  which  may  be  seen  a 
Pvery  delicate  spiral  slriation,  and  which  therefore,  altogether 

call  to  mind  a  vascular  bundle.  These  are  sometimes 
central ;  but  sometimes,  as  in  Polytrichum,  give  place  to 
a  central  medulla.     Lateral   branches   from    these  bundles 

■  sometimes  pass  into  the  leaves  a.?.  N(at\^.    TVst  Xe^si^'i  ■s^'*. 
■cften  narrow,  of  very  thin  ot  even  metrfii^a.tv'aMS.  V'sww^e-.''^^ 
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.  Part  OF  a  IraMverw  jKIion  through  tho  siem  of  Sfiagnum  ejrmbi.                         j 
E  EpidemiBl  aWi:  n  LUcktnul  lod  colound  CDrtiul  olJi  ^  p  pann-                        ' 

Ftc  *«.— Hiiir-moM^  PtfytricfaoH  commimf.  I.  plant  mth  sporangiuin  {mag- 
nlfiu):  U.  KpoTiiDgkiimwithealypLra,  HI.  wiihocitcB]yptTu(iiugDi(ie(f);  tV.  plaat 
wiLhiwrigoiiittmHirrguDdinG  ItK  an[li«ndiii1  nccpucle.  and  cxbibilinf  prolifica' 

but  exceptions  occur  in  the  case  of  Sphagnum  and  other 
Mosses.     In  Polytridium  the  sur&ce  also  has  cells  qiq- 


I 
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vided  with  peculiar  lamellfe  ;  otherwise  there  is,  as  a  rule, 
no  special  epidermal  tissue  with  stomata,  hairs,  &c.,  eveu 
when  this  is  found  on  the  stem  and  reproductive  organs. 
There  are  never  true  roots  ;  the  nutriment  being  absorbed 
through  rhizoids.  At  the  apex  of  the  stem,  or  growing 
laterally  on  it,  are  often  several  leaves  of  a  somewhat  dif- 
ferent form  to  the  rest,  forming  the  perigonium,  a  kind  of 
envelope  which  protects  the  o^^ans  of  reproduction  growing 
within  it  (Fig.  427,  iv.). 

The  organs  of  reproduction  at  first  altogether  resemble 
those  of  the  Hepaticie  j  but  in  the  course  of  their  develop- 
ment the  following  differences  arise  : — The  archegonium  of 
Mosses  is  ruptured  by  the  young  sporogonium,  and  usually 
in  such  a  way  that  the  lower  part  remains  as  a  sheath  or 
vaginule,  while  the  remainder  is  elevated  in  the  form  of  a 
cap  or  calyplra,  surmounting  the  capsular  'fruit,'  the  urn, 
theca,  or  sporangium  \  and  is  finally  carried  away  by  the 
wind,  rain,  or  other  accident.  The  axis  of  the  sporangium  is 
occupied  by  a  central  column  or  columella,  around  which  the 
unicellular  spores  are  formed.  In  order  lo  allow  these  to 
escape,  the  sporangium,  which  varies  greatly  in  form  in  the 
different  genera,  opens  by  means  of  a  lid  or  operculum ;  less 
often,  in  the  Andreseaceje  (Fig.  429),  by  four  longitudinal 
slits,  or,  in  the  Phascacese,  irregularly.  The  opening  re- 
sulting from  the  operculum  being  thrown  off  is  variable  in 
form ;  its  margin  is  either  smooth  {gymnostomous),  or  is 
furnished  with  two  rows  of  cilia  or  teeth  of  beautiful  form, 
constituting  together  the  peristome  (Fig.  430),  the  nature  of 
which  furnishes  a  character  for  the  classification  of  the 
genera.  The  antheridia  are  usually  in  groups,  and  are  sur- 
rounded by  an  envelope  of  peculiar  leaves,  the  perigonium 
(Fig.  427  IV.).  Among  the  antheridia  are  filiform  struc- 
tures— possibly  abortive  leaves — the  faraphyses.  [The 
antheridia  produce  a  number  of  extremely  minute  anthero- 
zoids  (Figs.  437  v.,  428).]  On  germination  the  spore  puts 
out  first  of  all  a  prothallium,  which  is  usually  filiform,  when 


r  Special  Morphology  and  Classification.         30f 

it  is  called  a  protonema ;   and  on  it  the  young  plant  is 
developed. 

Besides  the  reproduction  by  spores,  Mosses  are  alsopro- 
-sexually  hy  gummte,  and  by  special  shoots  known 


(after  Schimper,  M  30)- 

tta  stolons.  Those  forms  in  which  the  growth  is  tenninated 
by  the  production  of  antheridia  or  archegonia  at  the  apex  of 
the  stem  often  exhibit  prolification  of  the  bud,  as  in  Poly- 
trichum  (Fig,  427  iv.).  Axillary  buds  by  the  side  of  the 
sporangium  or  of  the  antheridia  often  develope  also  by 

^process  of  renewal,  forming  growths  known  as  innovaiiom. 


by  a J 
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The  Musci  are  divided  into  two  sub-clasaes,  as  follows  ; — 

I.  Sehagnace*.     Bag-mossa. 
According  as  the  Sphagnacece  grow  in  water  or  on  a  solid  sub- 
stratum, the;  fomi  a  iiiirorm  or  (lialloid  prothallium.     [The  globular 
spomngium  is  elevated  on  a  short 
stalk  or  pstudapadiuia,  which  is 
r,  homolr^us  with 
;nie  mosses.]     The 
mode    of    growth   is   shown    in 
Fig.  431.    [This  section  includes 
the  single  genus  SjihagiiHm~\. 


iU 


Fia.  43i.—Sflutgnim  aaitffeUtim :   T.  part  of  the  sLem        Fic.    439.  —Spbtll. 
with  two  ssonjgoua  a  and  Tout  aDtheiidiaJ  tcccpiacln  i  Hum  amfuliiaum 


2.  Brvine^e.     Triu  Massa. 

Frothallium  always  filifoim  (protonema) ;  only  one  kind  or  spore. 

1.  AndrciiaiM!.     The  ripe  spKttangium  opens  by  four  longitudinal 
slits  [Fig.  429). 

2.  fhascaceic.     [The  roundish  sporangium   ruptures  the  colyptra 
Jalemllj,  m'liiotil  raising  it  up  as  a.  ca^ ;  no  a^^CMlum.]^ 
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.  Bryatim.     [The  sporanEium  is  coveted  by  a  caljptra,  and  opens 
by  Ibrowing  off  an  opercutum.] 


I  '30S  Structural  and  Physiological 

a,  Aerocarpi,  The  sporangium  springs  ftom  die  apex  of  the  tnain 
stem  ot  its  branches ;  e.g.  Funaria,  SpUuhnum,  DicranuBc, 
Bryu'ii,  Folytrichum,  &c.  (Figs.  427,  432,  433)- 

b.  Platnxatfi.  The  sporangium  springs  from  Ihe  axil  of  a  leaf; 
e.g.  Hyp'Btm,  Foatinaiis,  &c.  (Figs.  434,  435). 

_  Mosses  ate  generally  distributed  over  the  surface  of  the  earth  ;  only 
la  few  grow  ia  water.  They  are  of  no  economical  importance;  the 
1  species  of  Spkagnum  contribute  largely  to  the  formatioa  of  peat. 


ISOSPOROUS  VASCULAR  CRYPTOGAMS 
CtASS  VII.     FilUaks. 

Ferns'  have  usually  a  simple  or  branched  creeping  rhi- 
ime,  either  below  or  above  the  surface  (Fig,  436) ;  less 
often  an  erect  woody  stem,  which  is  then  always  simple  (Fig, 
437).  In  either  case  the  stem  always  continually  dies  off 
slowly  at  its  lower  end,  or  becomes  lignified.  Large  numbers 
of  adventitious  roots  provided  with  root-hairs  break  out  from 
the  lower  part  of  the  stem  or  from  the  rhizome,  while  the 
upper  part  frequently  puts  out  aerial  roots.  The  stem  is 
covered,  when  young,  with  an  epidermis  provided,  where 
above-groimd,  with  stomata.  The  subjacent  cortical  tissue 
either  consists  entirely  of  thin-walled  parenchymatous  cells, 
or  becomes  differentiated  into  an  outer  cortex  consisting  of 
thick-walled  cells,  and  a  thin-walled  parenchymatous  inner 
cortex  {Fig:  438  r'  and  r"),  the  latter  passing  over  gradually 
into  the  ftmdamental  tissue.  The  fibrovascular  bundles  of 
the  entire  plant  arein  direct  communication  with  one  another 
above  and  below.  They  divide  and  ramify  in  the  stem, 
forming  a  complete  network,  and  send  out  branches  into 
the  leaves.  In  the  roots,  on  the  contrary,  the  bundles 
coalesce  into  a  single  central  or  axial  vascular  bundle.  The 
separate  bundles,  as  seen  in  transverse  section,  are  some- 
tiaies  roundish  and  sometimes  ribbon -s!i a ]>ed,  and  are 
usually  separated  from  the  cortical  ani  vatidiavj  tt'is.  'crj 
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3  vascular  bundh-sheaih  (Fig.  43S  ii.,  s),  consisting  of  nar- 
rower thick-wallcd  cslls,  which  again  is  often  invested  by  a 
layer  of  brown  sclerenchymatous  cells  {x).     The  vascular. 


V 
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bundles  are  strongly  developed,  and  are  always  closed,  con-. 
sisting  of  xylem  and  phloem  only,  without  any  intermediate 
cambium.  The  xylem  is  composed  chiefly  of  scalarifortn 
<esseh  {Fig.  69,  p.  46),  the  phloem  of  parenchymatous  cells 


i 


containing  starch,  bast-fibres,  and  sieve-tubes,  and  generally 
completely  enclosed,  the  xylem  in  the  form  of  a  cylinder, 
constituting  the  kind  of  bundle  known  as  concentric.  The 
apex  of  the  stem  is  always  occupied  by  a  single  dearly  dis- 
tinguishable apical  cell,  by  the  continuous  division  of  which 
'le  fundamsnlBi  tissue  is  produced. 


ic^jn^  li^m;  o  epidermis;  9!  \^ncV-'*ii 

,   _  vascular  bundle-sheath;  x  wAtrtndti 

iuur;  a  kiadlu  Drpii»enchyaiatQu&  cA'a  (,x  no). 


I  3 1 2  Structural  and  Physiological  Botany, 


I 


r 

^^H  The  leaves  of  Fems  are  commonly  known  as  fronds. 
^^V  They  originate,  like  those  of  higher  plants,  as  small  cdlu- 
^^P  ,jj  lar  elevations  beneath  the 

^^  s  growing  point  of  the  stem, 

^^  " —  but  increase  in  length,  like 

branches,    at    their    apex, 
below  which  the  lamina  is 
then   formed     In   all  the 
famities  except  the  Ophio- 
glossacea;,  the  leaves  are 
rolled  up,  when  young,  in 
a  circinate  manner;   after 
maturity,  they  are   thrown 
off  periodically.     They  are 
produced  only  at  the  apex 
of  the  stem.     Their  form 
varies  greatly,  from  lanceo- 
late and  entire  to    doubly  or  trebly  pinnate.      Except  in 
the  Hymenophyllaceffi  they  are  almost  always  composed 
of  several  layers  of  cells,  which  very  commonly  separate 
into  two   clearly   distinguishable   laminEe,    the  upper   one 
consisting  of  cylindrical  cells  placed  vertically  to  the  sur- 
face,  and  fitting  more  or  less  closely  to  one  another,  the 
lower  of  a  looser  tissue  formed  of  cells  of  a  more  spherical 
form.     Both  sides  of  the  leaf  are  covered  by  an  epidermis 
provided  with  numerous  stomata.     The  stem  and  the  rachis 
of  the  leaves  are  clothed,  in  most  species,  with  brown  dry 
lanceolate  or  hair-like  epidermal  structures  of  a  thin  mem- 
branous texture,  thefalca  or  ramenta. 

The  sporangia  are  arranged  in  masses  at  definite  spots, 
usually  on  the  under  side  of  the  leaf,  and  are  usually  tri- 
chomes  or  outgrowths  of  its  epidermis  (Fig.  439)  developed 
from  a  single  cell,  less  often  from  a  group  of  cells  ;  while  in 
the  Ophioglossacese  they  are  placed  on  a  separate  branch 
of  the  leaf,  The  separate  sori  [or  collections  of  sporangia] 
form  and  arrangement,  a.nd  afford  distinguishing 


Iharacteristics    for    the    genera.     They    are   occasionally 
alced,  as  in  Polypodium   (Fig.   439  v.) ;  but  are  more 


often  covered  by  a  membranous  akin,  the  industum  [which 
is  usually  an  extension  of  the  epideroft^ '<¥\¥,  ^'>ft  ^^-   ^^ 
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most  Ferns  the  sporangia  are  provided  with  an  elastic  ring, 
the  annulus,  running  over  the  apex,  which  [by  its  contrac- 
tion] causes  the  sporangium  to  burst  [to  allow  the  escape  of 
i]  (Fig.  440  i.) :  less  often  it  surrounds  thesporan- 


Fio.  44&  —  Sporangia  of 
F«nn;  I.  -<i/iV/<HwwLxh 
verlLcal  arunilufl:  il, 
Tritiamtauz  with  hori- 
uaul uiautDi ;  \l\.Oi- 
tmnuia  reeaiis,  rayaJ 
r=m,  Willi  Incompltle 
uuiuliu(al]  greatly  luagL 


the  pcnod  of  Dp^nm 

Ent  leaf,  r  £ist  nut  Natural 


g]um  in  a  horizontal  or  oblique  direction  (Fig.  440  il  m\ 
On  geiminating,  the  spoie  &ist  gwcs  Tiat  \o  ^  ^«;ea.  thaUoid 
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leaf-like  often  kidney-shaped  structure,  lying  flat  on  the 
surface  of  the  ground,  'Cn^  proihallium  (Fig.  441  111.),  which 
puts  out  rhizoids  from  its  under  side,  and  forms  the  arche- 
gonia  and  antheridia  among  them.  In  the  latter  are  pro- 
duced the  ciliated  antherozoids  (Fig.  442);  from  the  former, 
which  agree  in  almost  all  points  with   the  archcgot 


Mosses,  the  yonng  plant  is  developed,  after  the  fertilisati«(i 
of  the  oosphere  by  the  antherozoids ;  the  prothallium  theHP 
disappearing.    [The  central  cell  of  the  archegonium  divides 
first  into  four  cells,  of  which  the  two  lowest  subdivide  and 
become  imbedded  in  the  substance  of  the  prothallium.    The__ 
two  upper  of  the  four  cells  also  subdivide,  one  developia 
into  the  rhizome,  the  other  into  the  first  rootlet  of  the  youi 
Fern.] 

An  alternation  of  generations  is  very  strongly  market 
in  Ferns ;  the  first  [sexual]  generation  includes  the  forma- 
tion of  the  prothallium  and  sexual  organs  ;  the  second  [non- 
-.sexoal]  generation  the  spore- producing  F«u-'^\aiA 


I 
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\K  remarkable  exception  to  the  ordinary  alternation  of  gene- 
rations is  presented  by  the  phenomenon  of  apogamy,  as  seen 
in  Pteris  crttica  and  some  other  ferns,  where  antheridia  only 
formed  on  the  prothallium,  from  which  the  non-sexual 
generation  springs  in  a  purely  vegetative  manner.  The 
converse  phenomenon  of  apospory  or  development  of  a 
prothallium  directly  on  the  frond,  has  also  been  observed. 

I   Ferns  are  also  reproduced  by  means  of  gemma  which  grow 

I  «n  the  stalk  or  surface  of  the  leaves. 

Ferns  have  been  applied  lo  but  very  few  economical  uses.     The 

rhiiome  of  the  '  male  fem,'  Nephrodium  JUix-mas,  and  of  the  common 

polypody,  Folyfadmni  vu/sare,  and  the  paleie  of  a  Sumatram  species, 

Cibetium  glaucescins,  are  used  in  medicine  a9  vermifuges.     Abondant 

~  IS  of  Ferns  are  found  in  the  Ibssil  state,  for  which  see  Chapta 

I   VIII. 

[The  Filicales  are  conveniently  divided  in  three  orilers,  viz.  : — 
I.  FlLlCES  or  true  Ferns.  Prothallium  above-ground  and  green. 
I  Xeaves  not  stipulate,  citcinate  in  vernation.  Sporangia  formed  from 
I  «ngle  epidermal  cells,  not  coherent,  on  the  back  or  margin  of  the 
Bes.  They  include  the  following  sub-orders  : — 
I.  Hymencphyllaiea.  Sporangia  formed  on  a  prolongation  of  a, 
1  projecting  beyond  the  maigin  of  the  leaf,  and  surrounded  by  a 
I  cup-stutped  tndusium.  Annulus  oblique  ur  transverse,  and  dehiscence, 
J  therefore,  longitudinal :  leaves  ollcn  very  thin  and  delicate  :  Hymenot 
\ ^ytlum,  Tricbamants,  Laxsmiia,  &.C.  [Figs,  439  VI.,  VII.,  440  II.) 

3.  Gleichiniacex.  Sporangia  sessile,  with  a  complete  transverse 
y  auinulus :  dehiscence  ]ongil:udinal :  Gleichema. 

3.  Sckizaaaa.  Sporangia  sessile  or  shortly  stalked  ;  annulus  com- 
I  plele,  forming  an  apical  cap-like  zone;  dehiscence  lon^tudinal ;  A-i(;sim, 
1  Aaemia,  Lygodium, 

4.  'Oimundacea.  Sporangia  shortly  stalked ;  annulus  running  round 
oe  side-  oiJy ;  dehiscence  lonptudinal.     Upper  part  of  fertile  fronds 

marked  by  the  absence  of  parenchyma  between  the  veins  which  bear 
the  sori :  Osniunda,  Todia.   (Fig.  440111.) 

5.  Cyalhiacnr.  Annulus  complete,  oblique,  eccentric ;  dehiscence 
tcansverae ;  sorus  generally  on  a  strongly  developed  receptacle  1 
Ahofhila,  Stmitctia,  Cyathca  ;  roost  tree-ferns.   (Fig.  437). 

6.  Folypadiaait.  Annulus  vertical  and  incomplete;  dehiscence 
transverse;  AcrsdicHttiii,  Pclypedium,  Adianlum,  Pteris,  Blethimm, 
Asplsidum,  ScBiBfendrium,  Aifidium,  do.     (Fig.  439  i-v.,  440  I.-) 
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II.  MARATTiAca*.   Prolhallium  above 

ground  and  gteeo.    Leaves 

joiuaLy  of  great  size,  slipulate,  and 
I- 

circinat 

e  in  vernadon.     Sporangia. 
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;  I.  wholE  plant  {natural  sue) ; 
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■CD  the  back  of  !he  leaves,  coherent  into  a  many-celled  soms,  opening 
b^  a  pore,  and  each  devdoped  from  a  group  of  cells :  Maratlia,  Danaa, 
Kaui/ussia,  ^ngiofteris.—Ea.l 

III.  Ol'HlOGLOsSACE^,     This  order  is  distinguished  by  its  under- 
aground  prolhallium,  which  is  destitute  of  chlorophyll ;  by  the  mode  of 
development  and  the  form  of  the  sporangia  ;  and,  finally,  hy  the  stem 
never  branching.      The  primary  root  seldom  branches ;  and  the  snuill 
flat  stem  is  enclosed  by  the  sheathing  base  of  the  leaf.     The  number  of 
leaves,   which  ore  always  annual,  is  small ;   out  iwo  native  species, 
Ophiogtouum  vulgatum  (Fig.  443),  and  Botrychiiim  Luiiaria,  never 
producing  more  than  one  each  year.      The  leaves  are  also  rcmatkable 
for  the  slowness  of  their  growth  ;  those  of  the  latter  species  requiring 
four  years  for  their  development,  the  first  three  of  these  being  spent 
entirely  beneath  the  soil.     As  soon  as  the  plant  has  attained  a  certain 
age,  the  leaf  branches,  one  half  developing  into  a  receptacle  or  spike  of 
iporangia,  [the  oilier  into  the  green  lamina  of  the  leaf].   The  sporanpa 
are  developed  from  a  group  of  cells,  are  two-valved,  and  without  an 
annulus.     In  Ophiagbssum  they  are  arranged  in  two  rows  in  a  simple 
spike  (Fig.  443  t.,  11.),  and  are  coherent ;  in  Botrychium,  on  the  con- 
trary, they  are  distinct,  and  (brm  a  branched  spike  or  panicle.     The 
tetrahedral  spores  produce,  on  gemination,  prothallia,  on  which  are 
■developed  the  antberidia  and  archegonia.    In  Ophioglossum  there  is  also 
a  vegetative  mode  of  reproduction  by  means  of  adventitious  buds  on 
the  roots  (Fig.  443  1.).     The  prevalent  form  of  tissue  is  parenchyma- 
tous fiindamenial  tissue,  consi-iling  of  long,  nearly  cylindrical  cells, 
thin  walled  and  full  of  sap,  and  with  large  interceUular  spaces.     Both 
sides  of  the  leaves  are  covered  by  an  epidermis  provided  with  numerous 
atomata.     The  vascular  bundles  form  a  network  in  the  stem,  the  tissue 
which  occupies  the  space  between  the  meshes  being  frequently  chained 
into  scalariform  vessels,  so  that  the  stem  then  forms  a   '       ------ 

cylinder.     This  often  takes  place  only  on  one  side. 


Ci-\%s  VIII.     Equiselales. 

This  class  is  composed  of  the  single  order  Equisttaceee, 
which  is  made  up  of  the  single  genus  Eqmsetum  or  'Horse- 
tails.'    The  aerial  stem  springs  from  a  creeping  rhizome 
■which   produces  at  its   nodes   a   number  of  adventitious 
ts.     The  stem  is  herbaceous,  usually  furrowed,  simple  ot 
\  branched,  jointed,  and  provided  a.t  l\\e  jotoi.^  ot  wodes  with 
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toothed  sheaths,  formed  by  the  coalescence  of  the  leaves  at 
their  base.  The  habit  of  the  plant  depends  on  this  mode 
of  formation  of  the  leaves,  and  on  the  verticilkle  arrange- 
ment of  the  branches  which  spring  from  buds  in  the  cortex 
(Fig.  444  1.).     The  stem,  rhizome,  and  root  aie  all  derived 


^^F  from  a  single  apical  cell,  which  divides  into  three  senes 
of  segments.     In  the  internal  structure  of  the  s" 
eavilies  are  of  great  importance.     Its  centre  is  occupied  by  a 
large  central  air-cavity  (Fig.  445  A,  e) ;  and  in  the  surround- 
I  ing  ring  of  tissue,  which  is  often  lathei:  Tva-'nowAKftteis 


a.  444  II. — A  peltate  sale  bearing  1 
five  b«nE  vi^e  (magnified) ;  III 
previDtu^  coiled  spirally  round  i 
Eome  covered  everywhdre  with  roi 


Fic.  44;.— A.  Transvme  lection  through  the  rhiiome  of  Eguitrliaa  Uttank\f 
vuculoj  bundle  HI muddfid  bya  thealb  \  ooecuaL,  vcortkDLair-dvitxsfv  Vb\\ 
B»  (nuinvrse  «qclian  Ihrouffh  »  younE  Stan  of  £'  ntvaticum  ;  o  cpjdcniiii  h 
c  colEencbyma ;  h  CDrtical  pucncbyma,  manydfLhecelllcaillainiDgcbJdnlllh^' 
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always  a  cortical  air-cavity  (Fig.  445  A,  r)  between  eadi 
pair  of  vascular  bundles  g.  In  addition,  there  often  occur 
also  the  so-called 'essential'  air-cavities  (Fig.  445  B,  l')  in 
the  vascular  bundles.  The  stomata  (Fig.  445  B,  .!/)  are 
usually  placed  in  a  single  or  in  several  rows  between  the 
elevated  ridges  of  the  stem.  The  cortex  consists  of  thin- 
walled  or  of  only  moderately  thick-walled  parenchyma.  It 
is  separated  on  the  inside  from  the  vascular  bundles  by  a 
sheath  which  sometimes  encloses  all  the  bundles  together 
(Fig,  445  B,  s) ;  while  at  other  times  each  separate  bundle 
is  surrounded  by  a  sheath  (Fig.  445  A,  g).  The  vascular 
bundles  ascend  in  a  vertical  direction,  and  parallel  to  one 
another,  through  the  internodes,  and  form  annular  coils  in 
the  nodes.  [They  are  always  '  dosed '  bundles,  containing 
no  cambium].  Two  other  groups  of  vascular  cells  are 
found  on  the  cortical  side  of  the  bundle.  The  bast-portion 
contains  three  elements :  parenchyma,  bast-fibres,  and 
sieve-tubes  ;  it  lies  between  the  four  groups  of  vascular  cells 
and  the  vascular  bundle- sheath.  In  the  root  is  an  axial 
bundle  of  vascular  cells  surrounded  by  elongated  parenchy- 
matous cells,  with  which  sieve-tubes  and  bast-fibres  are  inter- 
mixed. The  sporangia  are  capsules  placed  on  the  under  side 
of  scales  belonging  to  the  fructification  (Fig.  444  11.).  The 
fructification  or  receptacle  is  often  placed  on  special  shoots 
which  are  distinguished  by  their  external  form  and  by  their 
brown  colour  from  the  sterile  green  stems  (Fig.  444  i.). 
The  spores  are  provided  with  two  hygroscopic  bands  or 
slaters  (Fig.  444  111.),  only  loosely  attached  to  them,  [formed 
by  the  sphtting  into  narrow  strips  and  the  partial  detaching 
of  the  exospore  or  outermost  of  the  three  coats  of  the  spore, 
and  serving,  by  their  hygroscopic  properties,  to  assist  in 
their  dissemination].  On  germination  the  spore  gives  rise 
first  to  a  fiat  prothallium,  upon  which  are  produced  the 
antheridia  and  archegonia  (Fig.  446) ;  most  species  of 
S^itiselum  are  dicecious,  the  female  being  many  times  larger 
than  the  male  prothallium.    In  the  anftie.nSv'ia:!*:  AeNdo^d 
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a  very  large  number  of  motile  antherozoids  ;  in  the  arche- 
goniiim  is  a  sinj^le  central  cell  containing  an  oospiiere,  which, 
after  impregnation,  developes  gradually  into  the  young  plant. 
I  The  alternation  of  generations  is  therefore  precisely  similar 
'  to  that  of  Ferns.  The  Equisetaceee  are  also  propagated  in 
I  a  vegetative  non-sexual  manner,  by  means  of  subterranean 
I  stolons  and  tubers  (Fig,  444  IV.,  p.  320). 


i^^)- 


The  class  incluiles  only  a  single  genus,  Equhetanu  A  quantity  of 
[^lica  is  deposited  in  the  stems,  and  especially  in  the  epidermis  ;  E. 
Kigie/nale  being  on  this  account  especially  used  as  B  substitnce  for  polish- 
Kit^,  under  the  name  of  '  Dutch  rushes.'  E.  arvaise  is  a  tTouMesome 
ftwecd.  [Ca/amiUs  are  the  stems  of  fossil  EquisetaceK  ;  lai^e  plants  of 
r  titis  order  probably  formed  a  great  proportion  of  ihc  vegetation  during 
P.lhe  catboniferous  period.     See  also  Chapter  VIII.] 
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Class  IX.     Lycopodiahs. 


The  plants  belonging  to  this  class  are  characterised  by 
having  minute  leaves;  traversed  by  a  single  fibrovascular 
bundle.     The  larger  number  of   species  -belong  to  the 

I  genus  Lycopodium,  with  procumbent  stem  which  repeatedly 
dichotomises,  and  closely  imbricate  leaves.  The  exotic 
J'hyLloglossum  and  Psilotitm  are  erect  shrubs  in  which  eladodes 
or  leaf-like  branches  take  the  place  of  true  leaves ;  the  latter 
genus  is  also  destitute  of  true  roots,  their  function  being  per- 
formed by  underground  branches  of  the  stem.  The  fibro- 
vascular bundles  of  the  stem  and  root  are  very  characteristic, 
forming  a  large  axial  cylinder,  within  which  lie  several  bands 
of  xylem  enclosed  in  phloem,  without  any  cambium,  the 
whole  enveloped  in  a  vascular  bundle-sheath  (Fig.  447). 
Between  tlie  epidermis  and  the  fibrovascular  cylinder  is  the 
parenchymatous  fundamental  tissue,  or  outer  and  inner 
cortex.  Adventitious  roots  are  given  out  from  the  forks  01 
the  stem. 

The  sporangia  are  borne  in  the  axils  of  the  leaves,  some- 
times of  those  belonging  to  the  ordinary  branches,  more  often 
on  special  modified  branches  (Fig.  451  A,  p.  330),  which 
form  a  cone-like  or  spike-like  kind  of  fructification.  They 
are  capsular  bodies,  bursting  when  ripe  and  containing  a 
large  number  of  minute  spores.  The  spores  on  germinating 
give  rise  to  a  green  prothallium  of  large  size,  which  is  more 
highly  developed  than  that  of  other  Vascular  Cryptogams, 
and  which  bears  both  antheridia  and  archegonia.     It  has 

•  been  but  very  rarely  seen. 
Severn]  nolive  species  of  Lycopodium  are  commonly  Itnown  os 
'stag's-horn  moss'  or  'club-moss.'  Some  species  have  been  used  as 
emelics  or  pui^atives.  The  powder  used  by  dru^ists  for  enveloping 
pills  consists  of  the  spores  of  a  Lycopodium.  The  spores  of  66^-6181 
species  contain  a  large  amount  of  an  inflammable  oil,  and  are  used  fot 
making  artificial  lightning.  The  fossil  Lcpidaiiadran  and  SigUlaria 
were  the  stem,  and  Sligmaria  the  root,  of  Irees  belonging  lo  this  doss. 


jhtalh  ;'  H  lylrm-,  b  phloem-ponioB  of  lh=  wiculnr  buqdie  ;  Bit.  Bif  Itnf- 
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faining  protoplasm,  from  which  is  developed  the  primary 
cell  of  the  prothallium  (Fig.  450  r.  a).  The  contents  of 
this  apical  papilla,  which  is  enclosed  in  the  epispon;  a  thick 


,ric.44B.-5flfoy«M 


__  _, . _;ie  deeply  divided 

I'cT^fcd  leal  with  apdrt>carp&  (jiDlurTd 


angia  (greatly  magnified). 

gelatinous  coat  resulting  from  the  disorganisation  of  the 
remaining  megaspores,  divide,  when  the  spore  begins  to 
Lgerminate,  into  a  central  cell  and  scvetal  wi-^-v^titiv 
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The  latter  become  filled  with  chlorophyll,  and  groir  into  a 
body  which  is  placed  like  a  cap  on  the  apex  of  the  megaspore, 
and  then  form  the  cells  which  immediately  surround  the 
central  cell,  and  which  therefore  constitute  the  arche^onium. 
At  the  proper  time  one  or  more  antherozoids  force  themselves 
through  the  neck  of  this  archegonium,  and  presumably  dis- 


^^o 


Fig.  45Q.— i1/a™7f«  sataidrii :  I.  a  mi 

fuiDus  envelope;  the  prolhalliuni  u  developed  fn. 

apex  nf  the  apheriia]  >pare  (k  ij);  *  Biicraspons 

(ri  ]c»)l  11.  anlheroeAd  vaLh  its  attached  vesicle  ( 

om»nn  soan  in  tranaverae  sect'      "  -'         i.--:— ^ 

will  I  XK»);  IV.  young  plant  M  .  .  --  .     -,  ,.  ... 

(AU  after  Mansloin.) 

appear  in  the  interior  of  the  central  cell,  i.e.  in  the  oosphtre. 
The  oosperm  or  fertilised  oosphere  then  becomes  surrounded 
by  a  cell-wall  (Fig.  450  in.,  o\  divides  into  new  cells,  and 
gradually  grows  into  a  new  plant  (Fig.  450  iv.).  In  AsoUa 
both  kinds  of  sporangium  contain  a  frothy  mucilage,  which, 
'\n  the  mjcrosporangium,  is  collected  into  distinct  lumps 
\own    as  maisulce,  each  of  wVich  atvAosts  a.  "musiI 
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microspores.  In  their  alternation  of  generations  RhIzocarpeEB 
do  not  differ  from  the  other  classes  of  Vascular  Cryptogams. 
Salvinia  (Fig.  448)  is  absolutely  roofless.  On  the  older 
parts  of  the  plant  the  leaves  stand  in  whoris  of  three,  the 
two  upper  leaves  of  the  whorl  being  aerial  leaves  with  entire 
margins,  the  lower  one  a  submerged  leaf  divided  into  very 
narrow  root- like  segments. 

There  are  only  four  genera  of  Rhkocaipea;,  which  are  classiiiel 
follows,  into  two  orders : — 

1.  Marsiltcueo!.  Perennial  plants  creeping  in  mi 
sporangia  and  megaspoimgia  are  conlained  in  the  same  sporocarp. 
The  prothailium  bears  a  single  archegonium.  The  leaves  are  circinate 
in  vernalion:  Manilla,  J^lularia. 

2,  Sahiiniasee.  Aunnal  plants  floating  on  water ;  ihe  micio- 
sporangia  and  ni^aspoiangia  ate  formed  in  different  sporocarps.  The 
ptothalliura  bears  several  archeEonia  :  Sahiinia,  AzoUa, 

The  sporocarpsofsevet.il  Auatrnlian  species  of  ^iarji7«i  (Fig,  44g)arc 
known  as  '  natdoo,'  and  are  used  by  Iht  natives  3S  an  article  of  food. 


very        1 
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Class  XI.     Silagintllales. 

The  plants  belonging  to  this  class  present  considerable 
diversities  in  relation  to  their  vegetative  organs.  The 
SelaginellacesE  (Fig.  451  B)  have  usually  a  procumbent  stem 
which  branches  dichotomously,  but  the  branches  develope 
only  in  one  plane,  so  that  the  plant  presents  an  external 
resemblance  to  the  JungermannieK  among  the  Hepaticse. 
The  leaves  are  simple,  sessile,  and  with  a  single  central  vein  ; 
they  are  placed  in  four  rows,  and  are  of  different  sizes,  the 
lateral  rows  consisting  of  larger,  the  upper  and  under 
rows  of  smaller  leaves.  A  number  of  adventitious  roots  are 
produced  on  the  under  side  of  the  stem  facing  the  ground. 
The  IsoiitaceK  (Fig.  451),  consist  mostly  of  aquatic  plants 
with  a  simple  cylindrical  but  only  slightly  developed  stem 
and  elongated  grass-like  leaves.  The  single  genus  belonging 
to    this   family,  /socles,  is  the  onl'j  oTve  W,  ^t^&tA.  Vwa-«^ 
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among  Cryptogams  in  which  the  stem  permanently  increases 
in  thickness ;  and  this  takes  place  by  an  annual  formation 
of  new  masses  of  tissue  round  the  central  vascular  bundle, 
the  older  ones  gradually  dying  off  on  the  outside.  Since 
this  process  takes  place  almost  entirely  at  two  spots  directly 
opposite  to  one  another,  the  stem  ultimately  has  the  form 
of  a  plate  or  disc  (Fig.  452  11.).  The  axis  of  the  stem  is 
occupied  in  all  plants  of  this  class  by  one  or  several  closed 
vascular  bundles  separated  from  one  another  by  intermediate 
parenchymatous  fundamental  tissue.  In  the  SelaginellaceK 
the  vascular  bundle  is  connected  with  the  cortex  by  a  very 
loose  spongy  tissue,  so  that  it  appears  to  lie  almost  isolated 
in  a  cylinder  filled  with  air  and  connected  with  the  walls 
only  here  and  there  by  parenchymatous  cells.  The  structure 
of  the  vascula/  bundle  itself  is  always  uniform.  The  xylem- 
portion  consists  of  wider  vascular  cells  in  its  inner,  of  nar- 
rower vascular  cells  in  its  outer  part ;  the  phloem -port  ion 
possesses  vessels,  bast-fibres,  and  parenchymatous  tissue. 
The  axial  vascular  bundle  sends  out  ramifications  into  the 
branches  and  leaves. 

The  fructification  consists  of  sporangia  or  cajisules  which 
burst  open  when  ripe,  seated  beneath  a  Ugule  at  the  base  of 
the  leaves ;  in  Isocles  in  a  fovea  or  pit-  These  sporangia 
are  of  two  kinds  (Fig.  451  B,  11.,  111.) :  megasporangia,  in 
which  are  formed  four  large  megaspgres ;  and  microsporarigia, 
in  which  a  greater  number  of  much  smaller  spores,  the  mi- 
crosports,  are  developed.  The  microspores  are  themselv^ 
the  antheridia,  and  break  up  into  a  small  number  of 
one  of  which  remains  unproductive  and  may  be  regard! 
as  an  abortive  prothallium,  while  antherozoids  are  developed 
in  the  remainder.  The  megaspores,  on  the  other  hand,  as 
m  the  RhizocarpCEe,  produce  a  transitory  prothallium,  which 
bears  archegonia  opening  outwardly  (Fig.  452,  I.,  iv.),  and 
in  their  interior  a  central  cell  with  its  oosphere.  In  the 
Isoetacere  the  prothallium  entirely  fills  up  the  megaspore ; 
■Jrhile  in  the  Seiaginellaceie  it  is  attached  1q  te  ai^sfcit 


led  I 


r    Fta.  fS^ —lanrx /aaiilrix :  I.  ihe  whole  planl  (natural  siie) ;  II.  1 _„.. 

lhnjO£h  (he  pcculiaiiy  Ihickened  aten  (naiuraj  sue)  ;  111-    mcgafpon  (x   60}; 
IV.  /odgiludma]  section  lhTOTjhlht_ptothalKuin  with  an  nrehcgonHimotx  ^o); 


W  Special  MoYpkology  and  Classification.         335^ 

cap-shaped  appendage.     After  fertilisation  the  embryo  is,  in 
heeies,   developed   directly   from    the   oosperm,    while,    in 
Selaginella,  the  latter  forms  at  first  a  filiform  pro-embryo  or 
suspensor,  on  which  the  young  plant  is  then  developed.     The 
process  of  alternation  of  generations  resembles  therefore 
that  which  prevails  in  other   Vascular  Cryptogams.     The 
Selaginellales  are  also  propagated  in  a  non-sexual  vegetative 
manner  by  means  of  gemma,  that  is,  by  buds  formed  in  the 
axils  of  the  leaves,  which  become  detached  from  the  parent- 
it  and  develope  into  new  individuals. 
[The  Selaginelkles  are  divided  into  two  families,  as  under  : 
I.  Selagineilaciir.   TerreElriaJ  plant;  with  small  leaves  of  two 
S,  often  cultivated  for  iheir  elegance  :  Selagmella. 
.  Isoflamr.     Aquatic  or  raiely  terrestrini  plants  with  long  giass- 
:s:  Iseile!.'\ 
They  are  of  no  known  economic  value.   [Onfossi!  forms,  seep,  325]. 


FLOWERING    PLANTS. 


Class  XIL     Gymnospermce. 

[The  main  characteristic  of  Gymnosperms,  as  distin- 
guished from  the  other  classes  of  Flowering  Plants,  is 
the  absence  of  an  ovary,  the  ovules  being  gymnospermous, 
entirely  naked,  and  unprotected  even  by  a  perianth  ;  and 
the  flowers  are  always  unisexual.  VVith  this  is  necessarily 
connected  a  difference  in  the  mode  of  fertilisation,  which 
has  already  been  explained  (p.  191).  In  their  reproductive 
organs,  therefore,  the  Gymnosperms  exhibit  a  decidedly 
lower  type  of  organisation  than  Monocotyledons  or  Dicoty- 
ledons, and  in  many  respects  occupy  an  intermediate  position 
between  these  classes  and  Cryptogams.  The  pollen-grains 
suggest  a  homology  with  the  microspores  of  Selagindla,  the 
nucellus  with  the  megasporangium,  and  the  corpuscules  or 
_  .secondary  embryo-sacs  with  the  central  csil  cit  liva 
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gonium  in  the  Heterosporous  Vascular  Cryptogams.  The 
male  flowers  consist  of  a  prolonged  axis,  on  which  are 
inserted  a  number  of  stamens,  each  consisting  of  a  scale 
bearing  on  its  under  side  two  pollen-sacs.  In  the  female 
flowers  the  ovules  are  sometimes  borne  directly  on  the  axis, 
sometimes  on  the  under  side  of  scales,  which  are  regarded 
by  some  as  bracts,  by  others  as  open  carpels.  The  ovule 
has  only  one  integument,  and  the  ripe  seed  always  contains, 
endosperm.  In  the  anatomical  structure  of  the  wood 
Gymnosperms  resemble  Dicotyledons  in  all  essential  par- 
ticulars (see  also  pp.  371-373,  Figs.  478,  479).]  The  dass 
is  divided  into  three  orders  : — 

Order  \.  CvcABEyE.     The  Cycadeic  (Fig.  453)  ate  all  tropical  ti 
with  simple  stein<^  resembling  Pulras  in  their  habit  and  Fcmsinthe  mode 
ofdevelopmentof  Ihcir  leaves.   Their  columnajslems 
L  considerable  diameter,  ore  tuberous  or  globu- 
lar -when  young,  and  often  even  at  a  later  period,  and 
bear  two  kinds  of  leaves  r  Ihe  one  dry,  brown,  hairy, 
sessile  scales  □ 


lUre  and  comparatively  small  ^ 

.he   other   large,   stalked,  simply 

linnnte  foliflge-leaves.      They  a: 

!i[:ecious.     Both  kinds  of  flowers 

iXM  always  placed  in  terminal  cones 

It  the  apex  of  the  stem,  in 

centre  of  the  ctown  of  leaves,  i 

lave   no  floral  envelope  or  pi 

inlh,  but  consist  simply  of  an  a: 

which  is  in  the  one  case  densely 

covered  with  peltate  stamens,  ia 

the  other  bears  the  ovules.     The 

cotyledons  are  unlike  in  forai, 

connate  with  one  another  at 

their  apei,  and  remain,  on  germi- 

«cS""1l  ini^fcr^^k    n^'ion.  enclosed   in   the   albumi- 

fMc;  ill.  fl=ih=rir«oas  Kale;    nous   seed.        The   pith    of  some 

species,  as  the  East  Indian  Cyan 

eireinalis,  and  the  South  African  Encephalarles  lanuginosm,  sRord  a 

kind  of  sago,  [Piiocipal  genera:  Cycas,  Stangcria,  Disan,  Encefhaiarloi, 
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Order  a.  Conifeil*.  Trees  ot  shrubs,  with  siemsgrowing  a1 
apex  for  not  unfrequently  several  centuries,  and  attaining  a  heigfa^ 
200  to  350  feet  or  more.  Either  all  the  leaves  have  the  form  of  foli« 
leaves,  as  in  Junifttvs  and  Thuja,  or  foliage-leaves  alternate  v 
membranous  scales  which  serve  to  protect  the  buds,  as  in  the  AHetioj 
The  leaves  are  small,  nsually  aciculir  (Fig.  454},  and  pctsislent  thro 
the  winter,  in  some  cases  enduring  for  several  years.  [The  stem  ^ 
creases,  as  in  Dicotyledons,  by  a  ring  of  cambium  j  but  the  seconflaf^ 
wood  contains  no  true  vessels,  consisting  entirely  of  Irachelds  or  wood- 
cells,  the  walls  of  which  bear  peculiar  bonlered  pits  (see  Fig.  27,  p. 
i8).]    The  flowers  are  always  incomplete  (without  perianth),  and  either 


5S-— Ript  eone  of   Fio.  456.  — Beny-in 


-  4S7-— Male  flower  of  fhs 
Ew  :  1.  bcfare,  II.  uftir  the 
Uchargc  of  iht  polkn  (:7i^ni- 


^^Bnoncecious,  as  in  Abies,  or  diceciouE,  as  in  the  yew  and  juniper.  The 
^Rmale  flowers,  whidi  ate  often  incorrectly  called  calkins,  conast  of  stamens 
borne  on  an  elongated  axis,  each  bearing  two  or  more  pollen-sac*  on 
its  under  side.  The  female  flowers  aie  of  various  forms,  and  are  utbe< 
solitary  or  united  into  peculiar  cone-like  inflorescences.  In  some  genera 
the  seed  lakes  two  years  to  come  to  mnturity.  In  the  Cupretlinta 
(Figs.  455,  456)  the  stamens  are  broid,  and  bear  two  or  three  pollen- 
sacs  on  a  shield-like  mid-rib.  The  ovules  ait  erect  and  orthnttopous, 
and  stand  in  the  axils  of  the  bracts  or  carpellary  scales.  In  some  genera, 
as  Thuja  and  Cuprsssus,  the  fruit  is  a  cone  ;  in  others,  asjum'/^nu,  it  ti 
beny-like.and  formed  by  the  coalescence  and  softening  of  several  female 
Bowers.  The  embryo  has  two  or  three  cotyledons,  which  remain  in 
thegtound  on  germination.  The  fruit  of  the  juniper, /hni/t/wi  am- 
—.  jiaiats,  is  officinal,  and  is  appUed  lo  tnaa;]  -^txc^tAes' 
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yoang  branches  of  the  poisonous  savine,  jHttipcrut  Sabina,  and  the  resin 
firom  the  North  African  CaUitris  quadrwahiis.  The  anthers  of  the 
Taxinea:  (Fig.  457)  are  2-8-lobed.  The  erect  ovules  (see  Fig.  318, 
p.  154),  which  are  either  solitary  oc  arranged  in  groups  on  a  special 
branch,  and  cither  terminal  or  lateral,  develope  into  nut-Uke  seeds 
surrounded  by  a  more  or  less  thickened  and  fleshy  envelope  or  aril. 
The  embryo  has  two  cotyledons  which  in  some  gEnera  rise  above  Ihe 
ground,  while  in  others  they  do  not.  The  poisonous  leaves  of  the  yew, 
Taxus  haccata,  are  officinal.  The  AiUlinea  (Figs.  454,  p.  335  ;  45S, 
459)  approach  the  Taxineie  in  their  two-lobed  anthers,  and  the  Cupressineie 


.  d:  II.  ripe 
outer  ^ide.  I  the  bract  which  has  not  growa  bIdde  with 
Iheuslc.uidiilherefareimBJlcri  IV  theHnd2wii)i 
ils  wing  a :  V.  loneiludiDal  Mclion  ihrough  ihs  seed, 
tbfl  small  embryo  jt  lyin£  vx  the  endosperm  e- 

in  their  fruit,  which  i*s  a  cone  ;  but  differ  from  both  these  suborders  ill 
their  anatropous  ovules  with  the  micropyle  directed  downwards,  and 
in  the  number  of  their  cotyledons,  which  varies  from  five  to  twelve 
[or  rather  from  two  to  fifteen].  The  cone  is  also  constructed  diffeieWt,^ 
that  of  the  Cupressine^e,  being  compoaiA  ol  'vidm«:M.cNn«Ja  n  ' 
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carpellary  scales,  each  of  which  bears  twn  winged  ovules.  These 
scales  overtalte  in  Iheir  growth  the  bracts  which  are  situated  between 
:m,  and  which  are  arrested  in  their  growth  anil  become  coriaceous 
woody.  The  cedar  of  Lebanon,  Cedriis  Lilmrii,  is  of  historic  interest, 
but  has  now  nearly  died  out,  and  is  related  to  the  exotic  Araucariese. 
The  best-known  European  representatives  of  the  sub-orderare  the  Scotch 
fir,  Pima  lylvritris,  the  Spruce  fir,  J^riiis  txnha,  the  larch,  Lnrix 
turvpiea,  [and  the  stone  pine,  PiriHs  PIntaJi  Thevorious  trees  belonging 
to  it  Bre  of  the  high^t  value  for  a  great  variety  of  purposes  ;  the  wood 
being  employed  for  fuel  and  for  building  purposes,  for  joininE  and 
Inming  work,  for  the  manulaclure  of  musical  instruments,  &c  [and  for 
the  navy].  The  wood  of  the  root  is  lighter  and  is  less  used  for  fuel  than 
that  of  the  Ininlt,  but  is  richer  in  resinous  substances,  and  therefore 
more  serviceable  for  the  production  of  tar.  Piitus  sylvtslris,  Pinta, 
nigricans,  and  Piiuuler,  all  yield  common  turpentine,  from  which  tur- 
pentine-oil, pine-resin,  colophony,  and  pilch  are  obtained.  Venetian 
turpentine  is  prepared  from  the  larcb.  AMes  bahamea  and  ranadiniis 
of  North  America  yield  Canadn-balsam  ;  Damvlara  orietilalis  from  the 
Moluccas,  and  £>.  amiralis  from  New  Zealand,  the  Dammar  resin  or 
Itauri-gum.  Piniles  iuaiiiifer  Is  one  of  the  extinct  sources  of  amber. 
The  starchy  and  oily  seeds  of  Pitins  Piiiea  and  P.  Ccmhra  are  edible. 
Many  of  the  reans  and  volatile  oils  are  officinal.  [Principal  genera  : — 
Araucaria,  Daaanara,  Finns,  Larix,  C/iiriir,  Pirea,  ASia,  Sffusfa, 
Cry^onlaia,  TaxoiHum,  Frsnela,  Callitri!,  Lihctdms,  Thuja,  Biota, 
Cupressm,  Janipera!,  TaxJis,  Torriya,  Pkylhdadus,  Salisbliria, 
CepAahlaxus.'\ 

Order  3.  GnetacK;^.  To  this  order  belong  only  three  genera,  of 
remarltably  different  habit.  The  various  species  of  Ephfiira  are  shrubs 
destitute  of  foliage-leaves,  with  long  slender  cylindrical  green-barked 
branches  ;  at  the  joints  of  the  stem  are  two  opposite  minute  leaves, 
which  grow  tr^elherinto  a  bidentate  sheath,  and  from  their  axilsspring 
the  lateral  branches.  In  Gndum  the  leaves  are  also  opposite  on  Bhe 
jointed  stem,  but  are  stalked,  and  have  a  broad  lanceolate  lamina. 
WehaiiscMa  miraliilis,  the  only  representative  of  the  third  genus,  never 
has  more  than  two  leaves,  but  these  are  of  immeiue  size. 

Cl.\ss  XIII.     Monocotykdones. 
The  embryo  has  only  one  cotyledon.     The  perianth  is 
simple,    or,    when   double,    usually   without   distinction   of 
colour,  and  the  prevalent  number  of  its  parts  is  three  or  six. 
The  leaves  are  most  common\"j  pwa\\€i-\e,\ned. 
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The  stem  in  its  young  stale  is  always  provided  with  a 
epidermis,  the  cells  of  which  often  contain  silica,  ; 
Grasses  and  Palms,  giving  the  surface  a  vitreous  appearancfc^ 
The  simple  cortex  consists  of  polygonal  or  roundish  paren-J 
chymatous  cells,  among  which  are  sometimes  formed  strongly* 
thickened  cubical  sclerenchymatous  cells,  prosenchymatou*' 
cells,  and  bast-vessels.  When  very  young  the  cortex  is 
separated  from  the  subjacent  tissue  by  an  annular  layer  of 
formative  tissue,  or  cambium-sheath,  in  which  the  vascular 
bundles  are  formed ,  but  the  cambium  possesses  in  general 
only  a  limited  activity ;  and  when  this  is  exhausted,  the  stem 
no  longer  continues  to  increase  in  diameter  at  ttiat  spot ; 
the  cortical  parenchyma  then  passes  over  gradually  into  fun- 
damental tissue,  or  is  separated  from  it  by  the  ligniiied 
cambium-sheath  {Fig.  460  i.,  v.).  The  vascular  bundles 
stand  singly  in  the  fundamental  tissue.  The  caulint  bundles, 
or  those  which  belong  to  the  stem  only,  run  parallel  to  the 
surface  ;  by  far  the  greater  number,  however,  pass  from  the 
stem  into  the  leaves ;  and  these,  termed  the  leaf-traces,  at 
an  early  period  cease  to  grow  in  a  vertical  direction,  and 
turn  towards  the  pith,  bending  outwards  again  from  there  to 
enter  the  leaves.  When  a  number  of  bundles  have  been 
formed  in  this  manner,  every  bundle  which  bends  from  the 
inner  to  the  outer  portion  of  the  plant  must  cross  all  the 
younger  ones  in  succession  (Fig.  460  11.).  The  fibrovascular 
bundles  are  necessarily  closed,  in  contrast  to  the  open  bundles 
of  Dicotyledons  and  Gymnosperms.  The  term  Endogm 
was  previously  applied  to  Monocotyledons,  [and  siil! 
monly  in  works  on  Descriptive  Botany],  because  it_i 
thought  that  the  vascular  bundles  originated  in  the  centre 
of  the  stem,  and  grew  outwardly  only  in  order  to  enter  the 
leaves  (see  Fig.  95,  p.  68). 

In  many  si>ecies  the  course  of  the  vascular  bundles  is 
essentially  different  from  this,  passing  through  the  separate 
internodes  in  a  parallel  direction,  while  they  bend  irregularly 
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and  branch  in  the  nodes.  This  occurs,  for  example,  in  the 
culms  of  Grasses.  The  pith  also  disappears  at  a  very  early 
period  in  these  cases,  from  rupture  and  desiccation,  and 
probably  also  partly  frotn  resorption,  so  that  the  stem  sub- 
sequently becomes  hollow. 

The  separate  vascular  bundles  are  in  general  more  highly 
developed  than  in  the  classes  already  described ;  but  their 
increase  in  thickness  is  limited,  and  soon  ceases.  The 
xylem- portion  of  the  bundles  may  consist  of  wood-fibres, 
vessels,  and  parenchymatous  cells  ;  the  phloem -portion  of 
bast-fibres,  sieve-tubes,  and  parenchymatous  cells,  with 
which  are  sometimes  associated  laticiferous  vessels.  The 
wood-fibres  are  sometimes  more,  sometimes  less  strongly 
thickened,  but  always  lignified,  and  have  a  smaller  number 
of  scattered,  slightly  bordered,  oval  pits  ;  sometimes  they 
are  pointed  at  the  ends,  forming  a  prosenchymatous  tissue, 
and  resemble  elongated  parenchymatous  cells.  The  bast- 
fibres  are  of  similar  structure,  but,  as  a  rule,  more  pointed. 
The  vessels  of  the  xj'lem-portion  are  annular,  spiral,  reticu- 
lated, or  pitted.  It  is  not  uncommon  also  to  find  single 
ip-ascular  cells  not  united  with  others  into  true  vessels.  The 
lateral  walla  of  the  sieve-tubes  are  usually  horizontal,  and 
provided  with  sieve-discs ;  the  partition -walls,  on  the  con- 
trary, are  mostly  smooth,  and  only  rarely,  when  united  in 
growth  with  similar  ones,  also  penetrated  by  sieve-pores, 
thus  forming  conducting  sieve-cells.  The  parenchymatous 
.  .cells,  both  of  the  xylem-  and  of  the  bast-portion,  are  usually 
I  elongated,  and  hence  resemble  prosenchymatous  cells ;  but 
l-always  have  horizontal  partition -walls,  and  are  either  not  at 
"1  lignified,  or,  at  all  events,  less  so  than  the  wood-fibres. 
"he  laticiferous  vessels  are  also  sometimes  found  outside 
!  vascular  bundle ;  and  are  then,  when  they  contain 
liides  and  belong  to  the  cortex,  called  utricular  vessels 
-  Fig.  75,  p.  50).  The  arrangement  of  these  separate 
ments  of  the  vascular  bundles  of  the  stem  is  in  general 
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as  follows  (see  Figs.  93,  94,  pp.  65,  66).  At  their  inner 
side  next  the  pith  is  a  bundle  of  wood-fibres,  and  in  dose 
contact  with  this  are  the  vessels  and  vascular  cells,  which 
are  partly  surrounded  by  the  parenchymatous  cells  of  the 
xyiem,  partly  intermingled  with  them.  Then  follows  an 
easily  distinguished  thin-walled  part  consisting  of  sieve-tubes, 
conducting  sieve-ceUs,  and  parenchymatous  cells  belonging 
to  the  phloem- portion  ;  and  finally,  towards  the  coriej,  a 
bundle  of  bast-fibres.  Sometimes  the  bundles  of  fihres  of 
the  xylem  and  the  phloem  coalesce  laterally  with  one  another 
by  means  of  narrower  or  broader  groups  of  wood-fibres,  so 
as  to  form  a  closed  ring  surrounding  the  other  elements  of 
the  vascular  bundle. 

The  root  of  Monocotyledons  has  an  epidermis  provided 
with  numerous  root-hairs.  The  cortex  is  parenchymatous, 
and  is  often  differentiated  into  an  outer  and  an  inner  cortex. 
It  is  frequently  se])arated  from  the  inner  portions  by  a 
sheath.  The  vascular  bundle  forms  a  closed  hollow  cylinder 
which  encloses  the  central  pith.  The  phloem-cells,  which 
are  usually  elliptical,  lie  between  the  radially  placed  vessels 
of  the  xylem.  The  xylem-  and  the  phloem -portions  of  the 
vascular  bundle  are  separated  by  wood-fibres.  The  phloem- 
portion  consists  of  sieve-tubes  lying  within  and  of  paren- 
chyma pressed  outwards. 

The  leaves  are  penetrated  by  fibrovascular  bundles. 
When  several  enter  a  leaf,  they  may  first  unite  into  a  leaf- 
stalk, or  may  be  separated  in  their  entire  course,  as  occurs 
in  many  sessile  leaves,  like  those  of  Grasses.  'I'he  xylem- 
portion  of  the  bundle  faces  the  upper,  the  phloem -portion  the 
under  side  of  the  leaves.  The  skeleton  of  the  leaf,  formed 
of  the  vascular  bundles,  is  surrounded  by  the  parenchyma 
of  the  leaf.  This  parenchymatous  portion  or  mtsophylt 
separates — independently  of  the  epidermis,  which  is  always 
present  and  is  provided  with  stomata  and  often  with  hairs — 
into  two  layers,  the  upper  layer  consisting  of  cylindrical,  the 
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under  of  rounder  cells ;   the  latter  beinp,  therefore,  of  a 
looser  texture  and  often  penetrated  by  wide  air-passages. 


|F' 
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[The  following  are  ihe  more  imporlant  orders  of  Monocotyledons, 
uiged,  with  slight  variaiion,  accordinE  lo  Benlham  and  Hooker,  those 
less  imponancc,  and  even  one  or  two  of  tlie  cohorts,  being  omitted  : 

Division  I.    Flowers  glumaceous. 

Coliort  I.  GLUMAtES.  Flowers  in  the  axils  of  scales  (elumes). 
which  are  arranged  in  spikelets  ;  perianth  absent,  or  consisting  of 
minute  scaies  or  hairs  or  bristles  ;  stamens  one  to  three,  rarely  more  ; 
ovary  unilnealat  wiih  one  ovuie ;  fruit  a  caryopsis ;  endosperm  fleshy  or 
floury  J  embrjo  immersed  or  not.     Grasses  or  grass-like  herbs. 

Order  I.  Gramine/E.  Perianth  absent,  or  of  two,  rarely  three  or 
six  minute  oblique  scales  ;  antliers  versatile  ;  fruit  grooved  on  one  side ; 
embryo  outside  the  endosperm  on  one  side  of  its  base  ;  stem  usually 
listular.  terete;  leaf-sheaths  split  to  the  base.]  Herbs,  rarely,  as  in 
the  bamlioo,  woody,  shrubby  plants ;  the  cylindrical,  usually  hollow, 
stem,  septated  at  the  nodes,  is  called  a  itilin.  At  the  point  of  union 
of  the  divided  leaf-sheaih  and  the  lamina— which  is  always  entire  and 
parallel-veined — is  a  membranous  structure  [ufastipular  character],  the 
ligult  (Fig.  147,  p.  92).  The  flowers  are  hermaphrodite,  seldom  monCE- 
cious,  as  in  the  maize,'  and  are  usually  arranged  in  a  panicle  or  spike, 
which,  however,  bears  secondary  spikes  or  spikelets  instead  of  flowers. 
Each  of  these  spikelels  (Fig.  461)  consists  of  a  racbis,  on  which  are  placed 
the  small  inconspicuous  flowers,  concealed  among  closely  crowded  foliar 
structures.  The  Iwo  lowermost  of  the  scale-like  bodies  usually  have 
no  flowers  in  their  axis,  and  thus  serve  as  a  common  envelope  for  the 
whole  spikelet,  and  are  termed  glumes.  The  flowers,  which  are  ar- 
ranged in  two  rows,  are  solitary  in  the  axils  of  the  next  scales )  and 
since  each  flower  has  also  at  its  base  a  special  scale,  it  has  luo  belong- 
ing to  it,  which  are  called  falfs,  an  exterior  or  inferior,  and  an  in- 
terior or  superior  one.  The  inferior  pale  has  a  mid-rib,  which  is  often 
prolonged  at  the  apex  into  a  bristle,  projecting  from  the  back  of  the 
pale,  and  is  called  an  men  (Figs.  462,  463).  The  inner  pale  has  rjo 
'laidrib,  but  often  two  lateral  nerves,  and  is  hence  bidentate  at  the  apex. 
_"'"  Ihe  palejc,  and  alternating  with  them,  are  Iwo,  rarely,  as  in 

'  the  sugar-cane,  three  min ate  scales,  l!ns  lodiculei,  which  coi^espotid  lo 
the  ]>erianlh.  The  stamens  are  three,  rarely  two  {in  Aiith^xaHlkun), 
or  six  (in  the  rice),  the  amhei's  being  versatile  at  the  end  of  long  fila- 
ments (Fig.  270,  p.  138).  The  ovary  is  superior,  unilocular  and  with 
a  single  ovule,  and  usually  bears  two,  less  often  (.in  A'urdui' 
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(in  the  sugar-cane)  three  stigmas.  The  frnit  his  a  dry  pericarp,  and  b 
an  indehiscent  caryopsk,  the  seed  adhering  in  its  growth  to  the  pericarp 
and  often  to  the  palne.  The  embryo  is  small,  on  the  outside  of  a 
large  floury  endospenn,  and  is  enveloped  by  the  single  large  colyledon. 


Fro.  i6i.-I.  E.panded  fci..l!clEt  of  (he  tat,  wlili  >  fcnita  and  1  h 
CE^unies;  p#oui«r  wilf»  wilh  awn  a  :  vi  inner  pale;  wilhin 
Hinnaa;  [I.  rertile  flowef  with  the  outer  pale  TTmoired (all  ir 
III.  dlieiam  <^  n  ipikclal  with  two  fertile  and  DDE  banen  Rower 
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■which  is  called  \\\t  sctUellum  (Fig.  461, 
by  some  considered  nn  outgrowlli  of  the 
one  of  the  largest  orders  in  the 
vegetable  kingdom,  and  are  uni- 
versally  distributed,    but    form 
meadows  only  in  the  temperate 
zone.      Many  genera  are  culti- 
valed  for  [he  sake  of  the  nutri- 
ment contained  in  the  seed,  and 
form  our  cereal  crops.     Among 
these  are  wheat    Tritkitm   nul- 
gart,  spelt  T.  iftlla,  rye  Saaie 
crrtalt,  barley  Hordaim  vidgart,   Yia.  ti: 
htxaslichim,   and  other  species,      Dact} 
various  species  of  oat  Avtna,      ^^al 
millet      Paiiicum       miliacaim, 
maize  or  Indian  corn  Zia  Mais, 

rice  Orysa  salhia,  and  Egyptian  millet  Sorghum  vulgare.  The  seeds 
of  many  species,  especially  wheat,  contain  gluten  (protein)  in  addition 
to  starch.  Sugar  occurs  in  the  stem  of  most  Grasses,  but  chiefly  in  the 
sugar-cane,  Saechariim  offidnarum.  Among  officinal  products  are 
the  rhiiome  of  the  couch-grass.  TritUum  repots.  Among  the  more 
serviceable  meadow-grosses  are  Anthoxaatkum  cdaralum,  AUfrcurus 
pratauis,  Pklium  firalenie,  Agrostii  vulgaris,  Helnii  lanatus,  Avtna 
JiiBincens  and  pubacrra,  BrUa  nudia,  Poa  annua,  IHvialis,  and  pra- 
lensii,  Daclytis  gloma-aia,  Cynostlrus  crisUtus,  Faluca  m/ina,  fratensii, 
ruira,  and  elalior,  Brimus  mollis,  and  Loliiim  permnt.  The  largest 
species  is  the  East  Indian  bamboo,  Banttusa  anindinacia  (Fig.  464), 
30  to  60  feet  high.  [Important  genera :  — Aadi-opogon,  Panitam, 
Digit  aria,  Selaria,  Ziiania,  Oryia,  ArilhoxatUhum,  F/ialari!,  Zea, 
Caix,  Fhleiim,  Alapfcuna,  Agrtaiis,  Milium,  Macrnehlaa,  Stipa,  Col- 
yitis,  Anitido,  PAragmiles,  Animopkila,  Cynodon,  SfartiHO,  Aira, 
^rrhmathtrum,  Avtna,  Nolais,  Pan,  Glyaria,  Briia,  Melica,  Mdinia, 
~Siilylis,  Cynosurus,  Ftsluta,  Bromiu,  Bitmbusa,  Lolium,  Trilieum, 
Slyntis,  Nardus,  Htmkum,  Stealt,  Sorghum,  Sactkaniui.] 

Ordtrn.  CYPEKACE,e.  Perianth  absent  or  consisting  of  bristles, 
■Jnrely  scales,  or  of  a  sheathing  bract;  anthers  basiRxed;  fruit  compressed 
,  or  trigonous!  embryo  at  the  base  of  endosperm;  stem  usually  solid  and 
triangular ;  leaf-sheaths  entire.  Perennial  plants  of  grass-like  habit, 
often  with  creeping  underground  tuberous  rhizomes  (Fig.  465),  The 
aerisl  portion  of  the  stem  is,  with  the  exception  of  the  inflorescence,  un- 
IwaDched,  unseptated,  and  tisuatly  triangular ;  the  Wmc^  -u^  ?!^-c^^ 
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I    will)  a  sliealhing  bnt  not  split  base,  and  ro  llgulc  ;  IhE  lamina  is  parallel- 
1  (reinedj  and  orien  three-edged.      The  flowers  are  airanged  in  spikes. 


Y 

^^H   panicles,  cnpituln,  oi  cymes,  and  are  either  liennaphrodite  or  uniseKoal, 
^^B   and  in  the  latter  esse  usually,  as  in  Carex,  Ihc  tnale  and  Temale  flaweis 
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B  placed  in  difTerent  spikes  on  tlie  fame  steni.     Each  flower  stands 
\  ttie  axil  of  a  bract,  which  is  called  a  ^umt  or  fait,  two  of  these 


^^^lh< 
^Kptarcli 


pales  usHally  occurring  in  each  flower ;  and  then  the  ini 
adherent  to  the  mcliis,  or,  as  in  Cartx,  is  transformed 
bag  or  tUrkle  enclosing  the  flower.  The 
genera,  with  hermaphrodite  flowers  aa'e 
either  entirely  destitute  of  a  perianth,  as 
Cyferm  (Fig.  466)  and  Cladiiim,  or  it  is 
composed  of  bristles,  either  few  in  number, 
as  in  SnrfiHs  and  /HyncAaspBra,  or  in  lalTje 
numbers,  and  in  that  case  forming  a  tuft  of 
hairs  clcKcly  resembling  colton-wool  spring- 
ing from  the  inflorescence,  3S  in  the  cotton- 
grass,  Eriophorum.  In  Carfx  the  male 
Qower  consists  of  three  stamens,  the  female 
fiower  of  a  tubular  envelope,  the  utricle, 
surrounding  ihe  free  ovary,  which  is  gene- 
lUy  unilocular  and  one-seeded,  but  with    Fm-  4*0 


'□pais  ;  the  small  embryo  is  sntrounded 
the  floary  endosperm.     The  rhirome  of  many  Cyperacem 
irch  and  gelaline  -,  and  that  of  Cyperu!  eseultiiliis  is  used  as 
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r«f  food  in   the  Soulh  of  Europe  ;   several  species  of  Cnrex  ate  offi- 

Pafyrui  aniiguorum,  Ihe  papyrus  of  E^ypt  and  Sicily,  was  the 

ITfirst  material  used  as  paper.     [PrmcipaJ  genera  : — Pnpyrus,  Cypfrus, 

\£!eMlwi-h,  Erii/phoivm,  Scirfiits,  Isdtpis,  Sclianu!,  Cladium,  Rhynchs- 

pora,  Caicx-I 


[■pivrsiONlI.  Fl<rwers  petaloid.     Ovary  inferior  {^ith  a  few  ex- 
ceptions). Perianth  usually  distinct,  in  two  rows,  and  coloured. 
[Cohort  II.  Amo.males.      Albumen  (perispenn)   floury  ;    embryo 
■  dislinct;   flower  usually  hermapbrodite  and  very  irregular;  perianth 
\  of  five  or  six  segments ;  stamens  six,  one  or  five  with  anthers,  the  rest 
petaloid,  or  all  with  aotbera  in  BromeliaceR  ;  ovary  usually  trilocular  ; 
fruit  a  herty  or  capsule.     Tropical  plants  with  large  stalked  leaves  with 
broad  lamina,  the  lateral  veins  at  right  angles  to  the  mid-rib.     The 
^^      cohort  comprises  the  orders  Camiacea:  (Cantia,  Maranta) ;  Zingiberaccic 
^L     {Zinsiier,AmBmUBi,  Alpima);  Musacea:  {Slusa,  Strdilsia);  Bromeliacea: 
^M     i,BrBnttlia,   Tillandsia). 

^^B  Cohort  III.  Orchitiales.     Endosperm  absent  or  cellular;  embryo 

^^B  very  obscure;  flower  hermaphrodite  and  very  irregular;  perianth  of 
^^1  Kx,  rarely  three,  segments  ;  siamen^i  one,  two,  or  three,  confluent  with 
^^^    the  style  (gynandtous)  ;  fruit  a  capsule. 

^^V  Oratr  i.  Orchioe^  Stamens  one  or  two,  conlluent  with  the 
^^ptyle   ami   siigma ;    ovary   unilocuUt,  viid^  iiWotiiVas  \   aetfe  ■lei^ 


I 


I 
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lie.]  Our  native  orchids  have  a  tuberous  root  (Frgs.  119,  120, 
'  p.  81),  and  an  annual  herbaceous  stem.  The  tropical  special,  on  tha 
contrary,  have  often  a  perennial,  and  some  of  them  a  climbing  stem,  or 
peculiar  aerial  pstudo-btilbs.  The  amplextcaul  or  sheathing  leaves 
ate  always  entire,  usually  lanceolate,  fleshy  or  succulent,  rarely  scale- 
like. The  flowers  are  rarely  solitary,  usually  in  spikes,  racemes,  or 
panicles;  and  the  superior  perianth  consists  of  two  whorls,  each  of  three 
leaves.  Of  these  the  inner'whorl  is  always  irrcEular,  and  often  has  a 
spurred  lip  or  labdlum,  the  remaining  live  leaves  of  the  perianth  forming 
together  the  gn/ea  or  helmet.  The  stamens  are  united  with  the  style 
into  a  fleshy  column  or  gvitoslegiitm,  upon  which  the  anthers  are  so 
placed  as  to  stand  alcove  the  stigma,  which  is  but  little  developed,  and 
consists  usuaQy  of  a  large  viscid  snrlace.  Of  the  six  stamens  which  are 
probably  originally  present,  only  one,  less  often  two,  attain  perfect  de- 
velopment. When  only  one  is  thus  developed,  it  is  always  opposite  the 
labeilum  ;  but  when  two,  then  one  is  on  each  side  of  the  gynostegium. 
Only  a  few  Orchids  have  the  polien-grains  perfectly  distinct ;  usnally 
they  are  nnited  togHlher  in  fours,  and  these  again  into  granular  masses  ; 
or  the  grains  arc  combined  by  it  viscid  fluid  into  a  club-shaped  mass  or 
fellimam  within  each  anther-lobe  (Fig.  46S,  v.).  The  two  poUinia 
terminate  at  their  lower  end  in  a  pedicel  consisting  of  the  dricd-upv 
viscid  substance,  coimected  together  hy  a  viscid  gland  or  roslellunt  as  in 
the  bee-orchis,  or  distinct  as  in  Orchis  Maria.  Sometimes  the  rt>stelluin 
is  concealed  in  a  fold  of  the  stigma.  The  fruit  is  a  capsule,  usually 
dehiscing  longitudinally.  The  numerous  very  small  exalbuminous  seeds 
are  usually  covered  with  a  reticulated  testa,  and  do  not  contain  any 
trace  of  a  cotyledon.  In  the  tubers  are  mucilage  and  starch  ;  Orctit 
Mario,  mascula,  mililaris,  and  other  species,  yield  salep.  The  fruits  of 
some  species  are  rich  in  aromatic  substances;  the  oRicinol  vanilla  is 
obtained  bota  Vanilla  arematica,  platiifotia,  and  perhaps  some  other 
species  from  t  topical  America,  [Principal  genera.  :■ — Dendrobium,  Mas- 
deuaUia,  Malaxis,  Bolbophyllum,  Callleya,  Efideadmia,  Odeutagioisam,, 
Maxi/laria,  Vanda,  SaccalaUum,  Stanhepia,  Onddmm,  Lycasle,  Angra~ 
cum,  Calaatam,  OrcHs,  Serapias,  Ateras,  Saiyrium,  Opkrys,  Plalan- 
thrra,  Gyraaadtnia,  Habenaria,  Limodoniiit,  Corysttittha.  Fanilla, 
Lislfrd,  Neotlia,  Epipacti!,  Spiranlhcs,  Cypripedium.^ 

[Cohort  IV.  Narcissales.  Flowers  hermaphrodite,  regular  or  ir- 
regular; peiianth  usually  petaloid  ;  stamens  three  or  six,  inserted  on 
the  perianth-tube  :  ovary  trilocular ;  seeds  mth  copious  fleshy  or  homy 
endosperm,  and  a  distinct  embryo  ;  leaves  parallel -veined.  Principal, 
orders: — Mdea  {Gladiolus,  Ira,  Crocus,  7igridia)%  Amaryllidea  {fia- 
lanthits,  Nardssus,  Crinum,  Pimiratiiim,  /ImorjKis,  LtucDJiim, 


■[in  a! 
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Cohort  V.DioscoRALES.  Flowers  diqecious,  tegular;  perianth  hetba- 

;  stimens  six,  inserted  at   ihe  base  of  tlie  perianth-segments  j 

rary  trilocular  ;  fruit  a  berry  or   capsule ;  seeds  with  copious  fleshy 

endosperm,  and  a  distinct  included  embryo.     Climbing  herbs  or  small 

with  nelCed-veined  leaves.  OxAex Dioscortacte  [Dioscorai,  Tamas, 

V  ■2'aiudiitaria ). 

DivisiOJi  in.    Flo-wers  petaloid.     Ovary  superior. 

Cohort  VI,    PoTAMALEs.      Ovary  apocarpous  (rarely  reduced  to  One 

pel);  flowers  hermaphrodite  or  unisemial  i  perianth  of  ihrec,  four, 

x  segments,  or  absent ;  stamens  one  to  six ;  seeds  exalbuminous  ; 

embryo    conspicuous.       Usually   water-plants.       Principal    orders  : — 

Butomac/s    (Bulamus)  ;    Aliimacac   \,Alama,    Saj;it^na)  ;  Potaitua 

\Potamogetim)i  Naiadea  {ZoiUra,  Naiai), 

Cohort  VII.  Palmales.      Ovary  syncarpous  (rarely  apocarpous); 
s  unisexual,  arranged  on  a  simple  or  branched  spadix,  enclosed 
a  spathe  or  not ;  perianth  of  distinct  bi-seriate  coriaceous  segments, 
Plwreen,  rarely  coloured  or  absent ;  fruit  a  one-  rarely  two-seeded  drupe 
w  berry;  seed  albuminous.    Shrubs  or  trees  with  fiabellate  or  pinnalely 
divided,  rarely  simple  leaves. 

Order  \.  Palm.«.  Flowers  usually  diclinousona  branched  spadix; 
perianth  green  ;  stamens  usually  six,  hypog^oua  or  perigynous  ;  ovary 
tri-  rarely  uni-locular,  or  of  three  separate  carpels  ;  styles  short,  free  or 
connate;  loculi  with  one,  rarely  two,  ovules;  seed  large;  embryo 
minute,  sunk  in  a  pic  of  the  fleshy  or  homy  endosperm.     Trees  or 

shrubs.]    Although  the  Palms  appear  to  belong  to  tbe  more  highly 

^^H   developed  Monocotyledons  from  their  stately  arborescentstems  and  their 
^^B  large  leaves,  the  inslgnilicance  of  their  flowers  reminds 
^^^B  one   of  tbe  lower  families,  and  the  habit  of  many 
^^^bpecies  even  of  the  Grasses ;  while  the  structure  of  the 
^^^Mower  and  inflorescence  allies  them  to  the   Arales 
^^■'(Figs.  469,  470,  471).     The  stem  is  usually  simple, 
^^H  larely  dichotomausly  branched,  as  in  the  doom-palm, 
^^1  generally  erect,  sometimes  climbing,  as  in  the  rattan, 
and  commonly  bears  a  crown  of  leaves  only  at  its 
summit        The   leaves,    ofieti   called    fronds, 
fan-shaped  in  the  fan-palms,  pinnate  in  the  feather- 
palms,  rarely  undivided.     The  flowers  are  placed  on     Ck^^,^pi'"ku. 
a  simple  or  branched  rachis,  which  is  surrounded  in     '"■''•■ 
vernation  by  a  common  envelope  or  spalhc ;  they  are  originally  perfect, 
but  almost  always  become,  in  the  course  of  development,  diclinous  or 
^^r  polygamous  from  the  abortion  of  stamens  or  pistils.     The  six  petianlb- 


Fic,  ^69.  — Flow 
of  iKe  Eunps 
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^^^K^esves  are  in  two  whorls.    The  stamens,  three,  six,  or  moie  in  number, 
^^^B^re  adherent  totbe  periajilh -segments.    TheauperioT  ovary  is  either  uni> 


consisting  of  a  miniile  embcyo  buried  in  a  vciy  laige  oily  D 
homy  endosperm,  which  is  ai  firat  milliy,  ntlerwarils  solid,  and  o" 
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hollow.  The  embryo  lies  in  n  hoUow  in  the  periphery  ot  the  endo« 
ipenn  (see  Fig.  305,  p.  148),  and  is  covered  by  a  thin  layer  of  thff 
latter  like  a  lid.  There  are  about  three  hundred  species  of  palms, 
nearly  all  tropieal.  The  only  native  European  species  is  Ihe  dwarf- 
palm,  ChamoTBpi  iumilis  (Fig.  469),  which  is  found  as  far  as  45°  north. 
,  latitude.  The  uses  of  palms  are  innumerable.  The  inhabitants  of 
entire  territories  live  on  the  fruits  of  some  kinds,  as  the  date-piilm, 
Phcenix  dactylifeta,  in  India,  Arabia,  Persia,  and  Egypt,  and  the  eocoi- 
ont  palm,  CocBS  ntui/ent,  in  all  tropical  countries.  The  stems  of  some 
species,  as  Sagus  J{nmpkii,  Coryfha  umbraailifaa,  and  Bomssus 
fiaitllifarmi!,  contain  a  starch  known  in  coromerce  as  sago.  The  leaf- 
buds  of  Arxa  elrracea,  Cixos  nuriftra,  &C.,  are  eaten  as  vegetables; 
and  the  sap  which  flows  from  the  punctured  leaf-buds  and  stems  is 
fermented,  and  yields  palm-wine.  Arcnga  saccharifera  from  the 
Moluccas,  and  Cocos  tauifira,  jdeld  palm-sugar;  Cepemica  camera 
palm-wax  ;  and  the  oily  endosperm  of  many  palm-seeds,  especlBlly  ol 
the  West  African  Elaeii  guinaasis,  is  used  in  the  production  of  pitbn- 
oil.  The  endosperm  of  species  of  Phytdepkas  is  known  in  commerce 
under  the  name  '  vegetable  ivory.'  Palm-bast  is  obtained  from  many 
kinds  i  that  of  the  leaf-sheath  nf  AUalia  funifira  of  Braiil  bears  the 
special  name  '  piassavs. '  The  young  pinnate  leaves  of  many  palms 
are  munufactured  into  textile  fabrics,  hats  (Carlud<niiea  pidmata  fur- 
nishes the  Panama-hats),  and  mats ;  and  the  stems  are  made  into 
canes.  [Principal  genera  : — Chamadorca,  Aiica,  Jirenga,  OttBdoxa, 
Ceroxyloti,  Caryola,  Calamus,  Sagtis,  Berassta,  Copemkia,  Sields, 
Chamarops,  Saba!,  Phaiiix,  Cocos,  Elaeis,  yuiaa,  Livistonia, 

Cohort  VIII.  Aralbs.  Ovary  syncarpoiis  ;  flowers  hermaphrodite 
or  unisexual,  arranged  in  a  spadix  or  spike,  with  or  without  a  spathe, 
or  sunk  in  pits  of  a  minute  scale-like  frond  ;  perianth  of  distinct  pieces, 
white  or  green,  or  of  minute  scales,  or  absent ;  friiil  a  drupe  or  berry 
with  one,  few,  or  many  small  albuminous  seeds.  Herbs,  often  very 
lai^,  rarely  trees ;  leaves  simple  or  pinnatifid,  very  rarely  pinnately 
divided,  sometimes  netted -veined. 

Order  \.  Aro1DE«,  Flowers  herroaphroditeor  unisexual,  in  cyHn- 
dric  or  oblong  spadices,  enclosed  in  a  green,  white,  or  coloured  spathe; 
perianth  absent,  or  of  from  four  to  eight  scales  ;  stamens  few  or  m&ny, 
antheis  sessile  or  on  very  short  filaments,  extrorse  or  opening  by  pores  ; 
ovaries  :^gregaled  in  from  one  to  four  loculi;  styles  distinct  ot  absent; 
ovules  one  or  more,  botal  or  parietal ;  berry  one-  or  more-seeded  ;  seeds 
endosperm  ileshy  or  floury  or  absent.  Herbs,  slcmlcss  or  with 
scandent  stems  ;  leaves  uiiualty  brge,  simple  or  pinnatifid. 
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Eilly  net-veined  (Fig.  194,  p.  106).    Principal  genera;— j*cofH J,  OroH- 
n,  Anikurium,  Felhoi,  Calla,  Ruliardia,  Cehcasia,  Caladium,  Arum. 
To  thi5i  cohort  belong  also /'luu/anofc'if  (Paadanus\t  and  sereral  otlier 
ic»  important  ordeis. 

Cohort  IX.  LiLlALES.  Ovary  syncarpous;  flowers  hermaphrodite, 
very  rarely  unisexual,  solilory  or  in  spikes,  racemes,  or  panicles, 
mrely  capitate  ;  perianth  of  six  (very  rarely  four)  nearly  similar  pieces, 
or  gamopetalous  and  six-lobed,  r^ulat  (rarely  irregular),  usually  all 
coloured  and  petalotd  (sometimes  coriaceous  or  ^ubglmnaceDUs);  embryo 
immersed  in  a  copious  endosperm  (not  external  to  nor  in  a  lateml  cavity). 
Order  1.  LlLIACE^.       Stamens   six,  hypogynous   Or    perigynous ; 

R anthers  usually  introise ;  ovary  tri-locular,  ovules  usually  many  in 
each  loculus ;  style  entire ;  fruit  a  capsule  ;  seed  glabrous,  with  ii 
ttembranous  or  crustaceotis  testa  ;  endosperm  fleshy.  Stemless  herb:: 
Or  shrubs  with  a  simple  or  branched  trunk ;  root  ^scicled  or  stem 
bulbous.  Principal  gcDCTa: — Tulipa,  Yucca,  FritUtaria^  Liliutn,  Gagea, 
AgnpantAns,  Pknrmium,  Hemerocallis,  Aloe,  Scilla,  Allium,  Hyacinlhia, 
OmilAogatuiil,  Funkia,  Asf/iade/us,]  Among  useful  and  medicinal 
^eeies  ace  the  Alixf  secatrina,  the  Scilla  or  squill,  the  various  species  of 
Ulium  which  yield  the  onion,  leek,  garlick,  &c, ,  the  Asjiaragjis,  [Dra- 
in or  dragon's  blood],  and  Pknrmium  Ifiiax  or  New  Zealand  flax. 
[Mr.  Bentham,  in  a  paper  read  before  the  Linnean  Society,  and  only 
:nlly  published,  arranges  Ibe  monocotyledonous  orders  in  four  series, 
viE.  : — I.  Epigyk£.  Flowers  with  a  double,  usuallypetdoid,  perianth  i 
ovary  usualJy  inferior,  syncarpous.  3.  Coronaeie.*.  Flowers  witli 
a  double,  usually  petaloid,  perianth  ;  ovary  superior,  ahnosi  always 
■«yncarpous.  3.  NudifloRjE.  Flowers  usually'achlamydeous,  or  Willi 
IS  perianth  ;  ovary  mostly  apocarpous,  4.  Glumales. 
'erianlh  replaced  by  membranous  scales  (poles  or  lodicules);  ovaiy 
'always  uniovular.     The  orders  are  arranged  thus  in  the  four  se 


Hytlroclmrideie. 

neee   (inctudijig  Musacex, 
lOrchideie.  {&c.). 

■  "iliidra. 

AmatylliileiE    (including    lliemo- 
TaccacBK.  [doraceje), 

Dioscoiidea.-. 
I   firometiaccLe  (?)■ 


II.    CORONARIEA^ 

Roxhurghiacex. 

Liliacea?      (including      Smilaceae. 

Melanthacex,  &c.). 
Pontedcriaccie. 
Phiiydraceae. 

Commelynacete. 

Palmae. 


r 
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in.  NuniFLOK^.  IV.  Glumales. 

Pandanece.  Eriocauleie. 

AroideE.  Centroiepidese. 

Typhncejs.  RestiaceEe. 

Lemnaceac,  Cypcracee. 
Niiiades  (including  JuncogineiE].  Graminex. 
AlismaceK  (?).  Ed.] 


Class  XIV.     Dkotykdones, 

Dicotyledons  are  distinguished  from  Monocotyledons 
by  the  embryo  having  tivo  cotyledons,  by  the  structure  of 
the  stem,  by  the  prevalent  number  of  parts  in  the  floral  whorls 
being  4  or  5,  and  by  the  leaves  being  usually  net-veined. 

The  stem  consists,  as  a  rule,  of  four  parts,  strongly  dif- 
ferentiated from  one  another, — Epidermis,  Cortex,  Fibro- 
vascular  Bundles,  and  Pith. 

A  well -developed  epidermis  provided  with  stomata  and 
often  with  subsidiary  organs,  entirely  covers  the  younger 
parts.  Earlier  or  later,  often  even  in  the  first  year,  it  is 
thrown  off  by  the  formation  beneath  it  of  a  corky  tissue,  that 
part  of  the  plant  then  losing  its  green  colour. 

The  cortical  tissue  is  very  commonly  separated  into  two 
'  portions,  an  outer  and  an  inner  cortex.  At  an  early  period 
in  its  development  bast-fibres,  bast-vessels,  and  laticiferous 
vessels  are  generally  distributed  through  it,  in  addition  to 
the  parenchymatous  tissue  which  is  always  present ;  the 
vessels  containing,  according  to  circumstances,  chlorophyll, 
starch,  crystals,  tannin,  latex,  oil,  resin,  &c.  In  the  course 
of  its  growth  the  cortex  undergoes  peculiar  changes,  with 
which  we  are  not  yet  thoroughly  acquainted,  especially 
in  the  case  of  perennial  plants.  It  is  at  first  greatly 
stretched  from  within  by  the  tissue  formed  beneath  it,  and 
finally  split.  The  crevices  and  wounds  thus  formed  are 
partly  filled  up  by  the  new  cells  of  the  phloem-portion  of  the 
vascular  bundles  and  those  of  the  intermediate  tissue 
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covered  up  by  the  cork-tissue.  The  cortex  very  commonly 
exhibits  also  crevices  and  furrows  on  the  outside,  and  is 
often  partially  thrown  off  in  the  form  of  bark.  The  portions 
of  the  cortex  which  are  fresh  formed  every  year  are  collect- 
ively distinguished  as  secondary  cortex,  in  contradistinction 
to  the  layer  oi primary  cortex  already  formed  in  the  growing 
point.  [The  inner  fibrous  portion  of  the  hark  is  known  as 
the  liber,  and  this  is  often  of  great  tenacitj-,  as  in  the  case  of 
the  '  bast '  of  the  lime-tree. 

In  annual  stems,  and  in  perennial  stems  during  the  first 
year,  the  arrangement  of  the  iibrovascular  bundles  in 
Dicotyledons  resembles  that  in  Monocotyledons,  standing 
isolated  in  the  fundamental  tissue  (Fig.  472  A).  But  in 
later  stages  both  their  structure  and  arrangement  are,  with 
the  exception  of  a  few  abnormal  cases,  strikingly  different 
(see  Fig.  95,  11.,  p.  68,  also  Fig.  472  B),  They  are  open  and 
collateral.  The  inner  portion  of  each  bundle,  or  that  nearest 
the  pith,  is  always  more  or  less  strongly  hgnified,  and  forms 
its  jvj/iw-portion,  the  outer  part,  or  that  facing  the  cortex, 
is  composed  of  thin-walled  cells  and  constitutes  the  phloem 
or  i(7rf-portion,  while  between  the  two  is  always  found,  while 
the  bundle  is  still  in  a  growing  condition,  a  portion  of  inter- 
mediate or  fundamental  tissue,  the  intrafasciadar  cambium, 
from  which  fresh  xylem  is  continually  being  formed  on  one 
side,  fresh  phloem  on  the  other  side.  The  phloem  does 
not  form  a  cylinder  surrounding  the  xylem,  as  in  Vascular 
Cryptogams,  but  the  xylem  and  phloem  lie  parallel  side  by 
side.  From  the  main  fibrovascular  system  of  the  stem 
branches  of  the  bundles,  the  leaf-traces,  pass  into  the  leaves, 
and  there  ramify  into  the  reticulated  fibrovascular  system 
of  the  leaf;  but  as  these  do  not  always  bend  into  the  leaf 
immediately  on  branching  off,  but  remain  as  a  separate 
bundle  running  through  a  considerable  length  of  the  stem, 
they  cause  the  vascular -bundle- system  often  to  appear  verj' 
complicated.  In  addition  to  the  primary  bundles,  and 
between  them,  secondary  fibrovascular  bundles  are  very 
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formed  in  the  stem  of  Dicotyledons.    Since   the  whole 
growth  in  diameter  of  the  stem  and  branches  is  due  to  the 
activity  of  the  annual  cambium-ring  formed  in  the  spring 
of  each  year  outside  the  latest  ring  of  wood,  and  its  subse- 
quent development  during  the  same  year  into  an  additional 
ring  of  wood,  Dicotyledons  are  known  as  Exogens  in  contrast 
to  Endogens.     The  stem  of  Exogens  is  always  protected 
externally  by  a  well-developed  bark,  among  the  constituents 
of  which  is  usually  the  tissue  known  as  '  rasa  propria,'  con- 
sisting of  elongated  cells  with  thin  walls.] 

In  Fig.  473  we  have  a  diagrammilic  representation,  after  Nageli, 

of  the  course  of  the  vascular  bundle  through  twenty-two  intemodes  of 
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so  simple  as  in  these  cases ;  for  although  the  bundles  of 
most  Dicotyledons  run  in  a  vertical  direction,  they  never- 
theless occasionally  unite,  and  form  combinations  which  are 
often  rendered  yet  more  complicated  by  new  separations. 
In  the  LabiatEE,  Umbellifers,  Balsaminese,  and  many  other 
herbaceous  plants  with  jointed  stems,  the  vascular  bundles 
are  arranged  in  a  circle,  and  all  run  in  a  parallel  direction 
through  the  intemode.  In  the  node,  however,  they  branch, 
and  are  here  united  with  the  vascular  bundles  of  the  leaves, 
as  we  have  seen  to  be  the  case  with  Grasses  (see  p.  341). 

The  vascular  bundles  always  become  closer  as  they 
descend  in  the  stem,  the  separate  bundles  approaching 
nearer  and  nearer  to  one  another  through  increase  in  their 
thickness,  often  coalescing  into  a  ring  which  is  interrupted 
only  by  narrow  medullary  rays  (Fig,  95,  11.,  p.  68). 

It  will  be  seen  from  this  description  that  there  is  no  dif- 

.ference  between  the  mode  of  growth  of  annual  and  perennial 
Dicotyledons,  when  young  plants  of  the  latter  are  examined, 
shoots  still  in  their  first  year  of  growth.  After  this,  growih 
ceases  in  annual  plants ;  while  in  those  that  are  perennial 
further  changes,  which  will  be  afterwards  referred  to,  take 
place  in  the  spring,  when  vegetation  wakes  from  its  winter- 
rest,  and  the  activity  of  the  cambium  recommences. 

AVith   reference   to   the    composition   of    the    vascular 

ifjundles,  a  distinction  must  be  drawn  between  herbaceous 
ihd  woody  plants.     In  herbaceous  plants  they  are  separated 

'■by  layers  of  an  intermediate  tissue  of  more  or  less  con- 

iderable  thickness,  so  that  they  either  lie  isolated  in  the 

;ue  of  the  stem,  or  form  a  ring  which  is  only  interrupted 

'ty  narrower  intervals  of  intermediate  tissue  (Fig,  472,  A). 

'This  intermediate  tissue,  a  part  of  the  fundamental  tissue, 
often  composed  of  cells  which  are  narrower  and  otherwise 
of  different  form  from  those  of  the  pith  and  cortex,  and  it 
then  constitutes  the  medullary  rays.  The  vascuhr  bundles 
grow  for  some  time  by  means  of  the  cambium  which  lies 
between  their  xylem-  and  phloem- port  ion.    The    xyle&i-  ■•  » 
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portion  consists  of  elongated  wood-cells,  which  sometimes 
resemble  an  elongated  parenchymatous,  sometimes  a  fusiform 
prose nchyraatouB  tissue,  and  in  addition  of  vessels  and  a 
thin-walled  parenchyma  that  is  but  little  or  not  at  all  ligni- 
fied  ;  while  the  phloem -portion  contains  on  its  outer  side  a 
bundle  of  bast-fibres.  In  contact  with  it  on  the  inside  are 
thin-walled  sieve-tubes  and  elongated  parenchymatous  ceils. 
In  many  plants  phloem-cells  are  also  formed  next  the  pith  on 
the  axial  side  of  the  vascular  bundle ;  in  others  laticiferous 
vessels  also  occur,  usually  in  the  phloem-portion  of  the 
vascular  bundle,  but  also  in  the  cortex.  [The  portion  of 
the  sylem  of  the  innermost  bundles  of  the  stem  frequently 
forms  a  closed  ring  completely  enclosing  the  pith,  and  this 
is  then  known  as  the  medullary  sheath  j  it  consists  chiefly  of 
spiral  vessels,] 

The  vascular  bundles  of  woody  dicotyledonous  plants 
have,  at  the  end  of  their  first  year  of  growth,  the  structure 
already  described,  but  are  already  distinguished  by  the  regu- 
larity of  their  phloem -bundles,  as  well  as  by  possessing  ves- 
sels dispersed  through  the  xylem.  The  stems  of  many  tropical 
trees  in  which  the  growth  is  never  subject  to  intermission, 
as  the  cocoa-  and  coffee-bush,  remain  in  this  condition, 
and  only  gradually  increase  in  diameter  by  the  formation  of 
portions  of  the  vascular  bundles  exactly  resembling  those 
already  in  existence.  But  in  those  tropical  trees  and  shrubs 
which  cast  tlieir  leaves  periodically  and  have  closed  buds, 
like  the  bread-fruit  tree,  the  activity  of  the  thickening- ring 
is  renewed  afresh  on  the  recurrence  of  the  active  period  of 
vegetation,  as  in  our  deciduous  trees  ;  and  fresh  medullary 
rays  and  new  xylem-  and  phloem -portions  of  the  vascular 
bundles  are  formed  in  exact  continuation  of  the  similar 
parts  already  in  existence.  This  process  is  repeated  every 
year,  a  new  layer  of  cells  being  annually  separated  00 
each  side  of  the  thickening-ring,  which  may  even  be  recog- 
nised at  a  later  period  as  a  sharply  defined  annual  ring 
—     95,  II.  p.  68). 
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There  may  be  several  reasons  for  tliis  sharp  definition  of  the  separiile 
Mnual  rings.  It  is  possible  that  the  cells  formed  in  Ihe  spring,  those 
of  Ihe  spring-wood,  are  larger  Ihan  those  of  the  autumn-wood  (see  Fig. 
479i  P-  373)>  Qi"  (heir  walls  may  be  thinner,  or  the  cells  otherwise  of 
a  different  kind ;  and  the  abundance  and  size  of  Ihe  vessels  in  the  spring- 
wood  must  also  be  ta.l(en  into  account.  The  stnictiire  of  the  root  cor- 
responds lo  that  ol  the  stem  in  the  presence  or  absence  of  annual  rings. 
The  separate  njinual  rings  are  not  always  of  a  uniform  thickness,  but 
are  often  more  strongly  developed  on  one  ade  than  on  the  other. 
From  these  (acts  it  is  possible  to  form  an  idea  of  the  life  of  the  Irce 
during  each  year  of  its  growth.  Its  age  is  estimated  from  the  number 
of  these  rings  ;  from  their  breadth  it  is  known  what  years  were  favour- 
able, and  what  unfavourable  10  its  growth  ;  and  some  knowledge  can 
even  be  attained  respecting  the  growth  of  the  roots,  since  the  growth  of 
any  side  of  the  stem  is  known  to  correspond  nearly  to  the  development 
of  the  roots  that  branch  out  on  that  side. 

Sometimes  even  in  the  earliest,  but  always  in  the  later  years, 
the  vascular  btindles  become  penetrated  in  a  fanlike  manner 
bynewparenchymatouscelis  formed  inside  themandarranged 
in  bands,  the  secondary  medullary  rays.  Those  cambiutn- 
cells  which  were  at  one  time  called  cells  of  the  medtillary 
rays,  always  produce  only  the  same  kind  of  cells;  so  that  the 
indaiy  medullary  rays,  when  seen  in  transverse  section, 
lys  reach  lo  the  thickening-ring  ;  but  they  never  get  as 
the  pith.  The  breadth  of  these  rays  varies  in  different 
plants  ;  in  some  species  they  are  one  cell,  in  others  several 
cells  wide ;  broad  and  narrow  bands  sometimes  alternate  with 
one  another  ;  but  they  never  penetrate  through  the  whole 
length  of  the  plant,  as  can  be  easily  seen  on  tangential  sec- 
'lions  (Fig.  474).  Both  the  primary  and  secondary  medullary 
■taiys  are  generally  easily  recognised  by  the  naked  eye,  and 
form  the  pattern  on  the  wood  ordinarily  known  as  the 
'silver  grain.'  They  consist  of  parenchymatous  cells  usually 
ielongated  in  the  raiiial  direction  (see  Figs.  474,  475). 

Both  the  xyiem-  and  the  phloem -portion  of  the  vas- 
cular bundles  of  the  stem  of  Dicotyledons  consist — with 
the  exception  of  the  fundamental  tissue  of  the  medullary 
lays— of   elements  which   may  be    arranged    into    three 
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I- 
groups  : — ^prosenchynoa,   parenchyma,   and   vessels.     The 
prosenchyraatous  cells  of  the  xylem — which  are  also  called 


led      I 


wood-cells,  wood-fibres,  simple  bast-like  wood-fibres,  or 
libriform  fibres— are  always  fusiform,  comparatively  strongly 
i-hickened  and  lignified,  imbranched,  and,  as  a  rule,  furnished* 
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with  extremely  smaJl  bordered  pits  (Fig. 

14,  p.  13).     Even 

when  the  latter  are  larger,  they  differ  in 
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any  strongly  developed  spiral  thickening,  nor  usually  eveit 
thespiral  striation  already  menrioned  (p.  i6).  In  the  winter,, 
especially  when  vegetation  is  dormant,  they  usually  contain 
starch.  It  is  comparatively  rare  for  the  wood-cells  to 
I  become  septated,  when  tlieir  thickening-layers  are  nearly 
completely  formed,  by  one,  still  more  rare  by  several  parti- 
tion-waOs,  into  daughter-cells,  which  are  then  enclosed  by  the 
thick-walled  wood-cells,  and  are  termed  s^tated  wood-cells. 
They  rarely  possess  pits ;  and,  when  present,  these  are  cleft- 
shaped,  and  placed  obliquely  in  a  spiral  running  to  the  left. 
In  the  winter  they  usually  contain  a  small  quantity  of  starch. 
The  parenchymatous  cells  of  the  xylem,  which  are  scarcely 
ever  wanting  in  woody  Dicotyledons,  are  distinguished  from 
the  other  elements  of  the  vasculaj  bundles  by  their  walls 
being  less  strongly  thickened,  by  their  having  pits  which 
are  always  closed  and  never  bordered,  and  by  the  absence 
of  any  spiral  thickening.  They  may  be  formed  in  three 
different  ways : — by  direct  growth  from  a  cambium-cell,  or  as 
a  daughter-cell  either  in  a  cambium-  or  in  a  young  prosen- 
chymatous  cell.  In  the  first  case  they  are  isolated ;  in  the 
two  latter  cases  they  are  still  enclosed  within  the  walls 
of  their  parent-cells.    These  cells  also  usually  contain  starch 

The   vessels  of  the  xylem  have  usually  bordered  pits. 
In   the  early  condition  of  the  vascuUr  bundles,  annular, 
spiral,  and  reticulated  vessels  are  found  only  near  the  pith, 
in  the   medullary  sheath;  the  younger  parts,  on  the  con- 
trary, contain    nothing  but  pitted  vessels.     The  partition- 
walls  of  the  separate  vascular  cells  are  either  horizontal  or 
I  oblique,  and  scaUrifonn  or  penetrated  by  pits,  i.e.   by  a 
I  round  orifice.     A  scalaxiform  perforation  has  at  present  only 
P  been  observed  in  pitted  and  reticulated,  but  not  in  spiral  or 
annular   vessels.     When  the  walls  of  the   vessels  are  not 
spirally  thickened,  the  ])its  are  most  numerous  on  the  side 
where  the  vessel  borders  other  vessels  or  thin-walied  wood- 
celb.     At  these  spots  the  borders  of  the  pits  are  also  the 


I 
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largest,  and  the  pits  themselves  always  open  ;  in  other 
ss  they  are  always  closed.  When  die  walls  of  the  vessels 
also  thicliened  spirally,  as  is  the  case  in  the  so-called 
tracheids  (Fig.  35,  p.  20),  this  thickening  sometimes  dis- 
appears at  those  parts  of  the  vessels  which  adjoin  the  xylem- 
parenchyma  or  medullary  rays;  but  remains,  the  pits 
diminishing  greatly  in  number  or  altogether  disappearing, 
when  the  tracheids  are  surrounded  by  strongly  thickened 
wood-cells.  As  regards  the  size  or  diameter  of  the  vessels, 
those  of  the  first  annual  ring  are  narrower  than  the  succeed- 
ing ones  ;  and  this  is  especially  the  case  in  the  large  vessels 
of  the  spring-wood.  In  the  oak,  for  example,  the  vessels  do 
not  attain  their  full  size  before  the  sixth  and  succeeding 
rings.  The  vessels  become  lignified  at  an  early  period,  and 
are  then  filled  with  air  ;  it  is  only  when  young  that  they 
contain  sap.  When,  in  a  few  cases,  substances  of  the  nature 
of  gum,  resin,  or  latex  occur  in  them,  as  in  the  cheny,  these 
have  passed  over  into  them  from  adjoining  elements  of  the 
tissue,  but  have  not  been  formed  in  them. 

The  whole  of  the  elements  of  the  xylem  need  not  be 
present.  With  regard  to  their  relative  position,  the  separate 
elements  are  arranged  in  rows  or  groups,  or  irregularly 
without  any  definite  arrangement ;  but  even  then  they  are 
distributed  in  such  a  characteristic  manner  that  anyone  with 
experience  can  determine  from  a  small  fragment  of  wood 
the  genus,  or  not  unfreqnently  even  the  species,  from  which 
it  was  taken  (Fig,  475).  The  inner  portion  of  the  wood,  the 
cells  of  which  have  become  firmer  and  stronger  from  their 
walls  having  undei^one  lignification  for  a  longer  period,  is 
called  the  duramen,  in  contradistinction  to  the  alburnum, 
or  younger  layers,  the  walls  of  which  are  less  thickened  and 
lignified,  and  which  still  contain  sap.  When  a  very  irre- 
gular or  twisted  course  of  the  separate  elements  of  the  wood 
is  caused  by  branches,  or  buds,  or  any  similar  cause,  a  very 
peculiar  appearance  is  imparted  to  those  spots,  and  they  are 
termed  knoh 
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The  prosenchymatous  cells  of  the  phloem,  which  are  also 
called  hast'tuhes,  bast-fibres^  or  bast-cells,  are  as  a  rule  fusiform 
and  unbranched.  Septated  phloem -cells,  similar  to  the  sep- 
tated  wood-cells  (p.  366), 
are  less  common  than  the 
latter,  but  occur  in  the 
grape  ■  vine  and  cactus. 
When  young  the  phloem- 
cells  contain  a  protoplasmic 
sap,  at  a  later  period  usually 
air.  In  the  Asclepiadeae 
and  Apocynacese  they  con- 
tain a  peculiar  greenish  sap 
,  related  to  the  latex  of  other 
plants.  The  phloem-paren- 
chyma agrees  almost  en- 
tirely in  its  development 
and  structure  with  the 
>  xylem.  The  vessels  of  the 
phloem  are  sieve-tubes  or 
laticiferous  vesseb. 

The  presence  or  ab- 
sence,and  the  arrangement, 
of  the  separate  elements  in 
the  cortex,  are  so  charac- 
teristic of  most  stems  that 
they  can  be  determined 
from  these  characters.  A 
general   idea  may  be  ob- 


LrDiig;h  the  phEoem  of  the  wild  left 


tained  b 


poronchyma;  i 


™ii:  lyTnM-fitma;  B#p!ii«in-  tion  throligh  a  bast-bundlc 
1^  corticai  parEpdiynm;  Hi^  of  the  wild  lettuce  {Fig, 

"'■  4,6). 

In  woody  Dicotyledons  the  pith  and  the  parts  of  the 
irortex  which  do  not  belong  to  the  vascular  bundles  are  very 
inconsiderable  in  comparison  with  these  latter.    The  pith  of 
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the  stem  only  increases  for  a  short  time,  and  then  only  by 
ase  in  size  of  the  separate  cells,  and  occupies  there- 
fore but  a  small  space  in  comparison  with  ilie  wood  and  the 
{fundamental  tissue  of  the  medullary  rays.  It  consists  of  a 
tearenchymatous  tissue,  in  which  other  elements,  as  latici- 
ferous  vessels,  are  sometimes,  though  rarely,  enclosed. 

Deviationii  are  not  un(reguent  from  the  normal  structiue  and  course 

r^oT  the  vascular  bundles  here  described.     In  many  waler-planls,  such  as 

^  ffippuris,  Myriofhyllum,  Ccratofhyllnm,  and  Tra^a,  a  shealh  is  farmed 

irtuch  limits  the  increase  in  diameter  or  these  planli,    (Fig.  94,  p.  66.) 

The  roots  of  Dicotyledons  always  possess,  when  young, 
a  thin-walied  epidermis,  which  soon  becomes  replaced,  like 
that  of  the  stem,  by  cork-tissue.  The  cortex  of  the  root 
is  also  very  similar  to  that  of  the  stem,  consisting  of  the 
same  elements;  and  its  cells  contain  the  same  substances 
within  them.  It  is  very  usual  for  a  vascular  bundle-sheath 
Ito  separate  the  axial  bundle  from  the  cortex.  While,  as  has 
Jieady  been  mentioned  (p.  362),  the  vascular  bundles  of 
the  stem  have  a  centrifugal  growth,  the  development  of 
Biose  of  the  root  is  in  many  plants  centripetal  ;  />.,  the 
vessels  are  formed  on  the  outside  of  the  formative 
ssue,  and  their  further  development  and  lignification  ad- 
e  fi-om  the  centre  towards  the  axis  (Fig.  477,  1.).  The 
Bevelopment  of  the  pith  is  by  this  means  so  much  checked 
'lat  it  is  always  less  developed  in  the  root  than  in  the  stem  ; 
md  in  many  roots  it  has  entirely  disappeared  when  their 
scular  bundles  have  attained  their  full  development.  As 
K>n  as  the  vascular  bundles  have  met  in  the  axis  of  the 
)ot,    their  development    progresses    outwardly,    the    new 

■  Vessels,  the  bast-bnndles,  pressing  themselves  towards  the 
tperiphery  (Fig.  477, 11.),    A  growth  of  this  nature  is  found 

■  especially  in  herbaceous  plants,  t^.  Ciatia,  and  in  those  in 
which  the  stem  has  isolated  vascular  bundles.  The  root  of 
other  Dicotj'ledons,  especially  if  woody,  shows  a  similar 
structure   to   that   of  the   stem.      The   cell-cavities,  both 

uflem-  and  phloem-cells,  are  however  consideraM 


I 
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larger  in  the  root  than  in  the  stem ;  this  being  the  cause  of 
the  smaller  specific  gravity,  and  the  less  value  as  fuel,  of  the 
root  as  compared  with  the  stem.  The  annual  rings  are  also 
often  much  narrower.  The  essential  peculiarity  of  the  root 
is  the  possession  of  a  root-cap  (see  p.  72). 


of  voscli  jufll  formrd ;  a  yaunn  baat-bundk  ;  %  vs&cular  buDdlc-shaCh  ;  h  cor- 
Ikal  parrnchyma  :  Mpilh<»  300). 

The  leaves  of  Dicotyledons  present  no  essential  differ- 
ence from  those  of  Monocotyledons  [except  in  the  airangft- 
ment  of  ihe  vascular  bundles  or  veins]. 
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%n  ■ 


The  structure  of  ihe  wood  of  Dicotyledons  agrees  in  its 
main  features  with  that  of  Gymnospenns  (see  p.  333),  a  class 
of  a  generally  lower  lype  of  organisation.  The  main  dis- 
tinction lies  in  the  structure  of  the  individual  vascular  , 
bundles.     In  Gymnosperms  there  are  in  general  no  t 


vessels;  rowsofvascularcells,  which  occur  only  in  the  medul- ■ 
lary  sheath,  taking  their  place,  and  even  then  manifesting 
only  a  spiral  or  reticulate  thickening  (Fig.  478).  The  small 
exotic  order  of  Gnetaceae  furnishes  an  exception,  the  whole 
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of  the  wood  containing  true  vessels  with  bordered  pitsi 
Tlie  wood  of  Conifers  consists  mainly  of  elongated  cells 
possessing  as  a  rule  large  pits  on  the  side  that  faces  the 
medullary  rays.  The  characteristic  position  of  the  pits, 
which  in  the  cells  of  the  stem  are  usually  arranged  in  one,  in 


I 


those  of  the  root  often  in  several  rows,  as  well  as  that  of  tlu 
resin-passages,  which  are  especially  abundant  in  ConiferSEs 
form  an  excellent  diagnosis  to  distinguish  the  different  kinds 
of  wood  (Fig.  479).    The  structure  of  the  swollen  stem  ( 
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the  Cycadese  is  similar,  the  large  pith  containing  a  quantity 
of  starch  (known  as  sago),  and  suiromided  by  a  t 


paratively  slightly  developed  wood.     Gum-passages  replace 
■■in  them  the  resin-passages  of  the  Coniferse. 
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[Dicotyledons  are  subdivided  as  nnder,  vh.  : — 


Division  I.   Apetal-c,  Incomplet.c,  or  Monochlam" 
Perianth  consisting  of  ottly  a  siiigU  whorl  of  h 
absent,  or  occasionally  of  a  double  wkorl  of sepaloid  leaves,^ 

SUBDIVISION  I.   Ovaty  superior ;  perianth  usually  distinct. 

Cohort  I.  C  H  EN  o  POD  I  ALES.    Flowers  UEUiIly  hermaphrodite;  pcri- 

ith  green  or  coloured,  usually  regular,  sometimes  in  two  whorls,  tube 

Ishorl  or  atisent,  segments  imbricate  in  bud  ;  ovary  of  one,  ■  rarely  several 

;]s ;  ovules  solitary,  rarely  two  or  more,  basal ;   embryo  usually 

curved.     Herbs  or  shrubs.     This  cohort  includes  the  orders 

'Aylolaccacat  {Phytolacca) ;  PolygaiutcetE  (Eri0genam,  Polygonum,  Page- 

Rhatm,    Rumix)  ;     Amaranlhacae   (Amaranlkus,    Cdesiai  ; 

'.heaopediacia  {Beta,    CAmofiodiiim,    Alriplex,   Spinatia,   Salicontia, 

ilsola) ;  and  Nyctaginar  {MirabiUs,  Biigimiillea). 

Cohort  II.  Laurales.     Flowers  usually  unisexual ;  perianth  green 

coloured,    usually   regular  ;   ovary  uniloculur  ;  stigma  one  ;  ovole 

iitary;  embryo  straight,  with  or  without  endosperm.   Mostly  aromatic 

.hrubs  ;   almost   entirely    tropical.      Orders  : — Momiaiacae 

[Mommia,   Laurtlia)  ;    Myristicacia   (Myristica'\ ;   Lauraccis   (Cumu- 

monum,  Persca,  Sassajras,  Lalirns,   Cassyiha,  Camp/iora,  Ntctandra, 

Oreodaphm). 

Cohort  IIL  DaphnAles.  Flowers  usually  bermaphrodite  ;  peri- 
anth green  or  coloured,  re|;ulilr  or  irreg^ar,  often  tubular  ;  ovary  Uni- 
locular, rarely  bdocular )  stigma  one  ;  ovule  ui^ually  solitary,  pendu- 
lous or  suberect ;  embryo  straight,  with  no  or  very  little  endosperm. 
Trees  or  shrubs,  mostly  tropical  or  southern.  Principal  orders  : — 
Tliymelaaccs  {Daphiii,  Pimdca] ;  Elaagnaccs  (Hippophai,  El<cag>ius)i 
PreloKia  (Lcucoienirim,  Crevillea,  Banksia,  Prolia,   Vakia). 

Cohort  IV.  Urticales.  Flowers  diclinotw,  or  less  often  poly]ga- 
mous  or  hermaphrodite  ;  perianth  green,  usually  regular,  rarely  absent ; 
stamens  opposite  the  perianth-lobes  or  sepals  ;  ovaiy  unilocular,  rarely 
Ulocukr ;  stigmas  one  or  two ;  ovide  solitary,  micropyle  alwsy» 
superior;  fruit  usually  an  achene  or  samara  ;  embryo  straight,  wilh  or 
without  endosperm.  Principal  orders  :—  (/rlicaccir  ( Uriica,  Bahmeria, 
Parietarui)\  Meracne  [Artocarpus,  Ficus,  Sorslcnia,  Moms,  Madura); 
CannaHnfa  {CnHnaiis,  Numulm);  Ulmacca  {l/lmus). 

Cohort  V.  Amentales.     Flowers  diclinous,  in  cattins,  cones,  or 
heads ;  perianth  absent  or  sepaloid,  or  of  one  or  more  bristles,  bracts, 
braiteoles,  or  scales ;  ovary  uni-  or  bi-locular ;   seed  without  endo- 
Treesor  shrubs,  with  aliemate,  simple,  u^jtially  stipulate  leaves.] 
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Order  I.  Betui.ace,*,'     (Fig.  480.)    Trees  or  shrubs,  with  alter- 

rate  simple  leaves,  and  free  deciduous  stipules.     Flowers  moncecioos, 

both  male  and  female  arranged  in  catkins,  and  snbtended  by  scale-like 

brads.      Male  Bowers  in   threes    in   the  axil  of 

a  bract,  and  formed  of  a  two-  or  four-cieft -perianth, 

iiifrontof  the  teeth  ofwhich  the  stamens  are  placed  ; 

female  ftowets  also  in  twos  or  threes  in  the  axil  of 

a  bract,  but  consisting  simply  of  a  free  ovaty  with 

two  loculi,  in  each  of  which  is  a  pendulous  ovule  ; 

fruit  usually  a  samnia,    and   seeds  exalbuminous. 

The  two  genera  of  this  order,  Betula  the  birch, 

and  AIhus  the  alder,  furnish  useful  woods.    From 

the  bark  of  the  birch  is  obtained  the  birch-oil  used 

in  the  manufacture  of  Russia- leather,  and  impatt- 

ing  to  it  its  peculiar  odour. 

Orderz.  Salicace*.      (Fig.  481.)     Trees  or 

shrubs,  with  simple  alternate  leaves  and  deciduous 

stipules.      Flowers  ditecious,   and  both  male  and      p,n    ,ao.— Uraei  of 

female  always  in  catkins  ;  instead  of  perianth,  each       '''-^l   if'''  *''"''■ 

liiod  has  a  few  small  scales  or  a  glandular  or  cup-       j^  ju  aiis. 

shaped  fleshy  disc.     The  male  flowers  consist,  in 

addition,  of  from  two  to  twenty-four  free  or  monedelphous  stamens; 
and  the  female  of  a  fiee  bicarpellary  pistil,  standing  in  the  asil  ol 
a  scale,  and  ha.¥ing  generally  two  stigmas.  The  unilocular  ovary  con- 
lains  a  number  of  pendulous  ovules  attached  to  [wo  parietal  placentee ; 
and  the  fruit  is  a  two-valved  Capsule  ;  the  seeds  without  endosperm, 
but  furnished  with  a  tafl  of  haiR.  The  two  genera  of  which  this  order 
is  composed,  Sa/ix  the  willow,  and  Ibfiiilm  the  poplar,  are  divided 
into  a  large  number  of  species,  varieties,  and  hybrids,  distributed  over 
the  whole  globe.  The  nearer  they  approach  the  poles,  the  smaller  ace 
they  in  stature  ;  and  the  arctic  willow,  Salix  Jmlarii,  is  only  an  inch  in 
height.  Some  species,  as  S.  furpirea  and  rubra,  unfold  their  catkins 
before  their  leaves ;  among  the  best-known  species  are  .5'.  iaiyleuica 
the  weeping  willow,  S,  vitellina  the  osier,  S.  alba  the  white  willow, 
Populus  tremula  the  aspen,  P.  nigra  the  black  poplar,  P.  pyramidatis 
the  Lombardy  poplar,  P.  alia  the  white  poplar,  and  P.  ialsamifira 
the  American  baUsain  poplar.  The  wood  of  some  species  is  valuable 
on  account  of  its  toughness  and  elasticity,  and  is  used  for  basket-work 
and  other  purposes.  The  bark  of  others,  as  S.  pen/andra  and 
fragilis^  is  officinai,  affording  the  substance  known  as  salicine. 

'  [The  orders  Betulacere  and  Salicaceo:,  together  with  Cupuliferie 
and  Co^ylace^cfrom  the  cohort  Quemales,  cnnslilu'    -'      '  --  -r 

-     syllabus  of  the  University  of  London.  — Ed.] 
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^^^1        To  Ihis  cohort  belong  also  Uie  grnsU  orders  Platanactii  {PltUanui)-, 
^^^K  Myriiaiae  {Myrua);  and  Caiiiarmeaa  (Casuarriia). 
^^^H        (Cuhiirt  VI.  EupHOKBrAi.ES.    Flowers  hemuphrodile  or  diclinous; 
^^^B  JMnnnlll  gnren,  roluurc<l  or  iibscilt  i  ovary  bi-  or  muUi  locularj  ovules 


one  or  Hianj  in  each  iMnlns,  ('cndalaus,  anairofioss ;  (mit  nxtally  a 
wu-  or  iniilli-kicul*T  opaik ;  nxds  soliiiqr  nr  mmeroas.] 

<M/r  t.  El-rHaKUucc^  {Fles.  4$^  ^3.)  Tins,  sAnba,  or 
hntK,  cvoUMring  *  onMcrr,  often  MnJ,  wore  ranh  umeka  htac 
*TW  4cw  of  ««■■«  specks  ti  ttairt.  Kstntilu^  tlun  of  ^k  ttBen,  Mid 
h  il>«i  lNilb»k  or  the  IcivTs  u«  rrfbcel  h;  jobB  sale^  qaaey  or 
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Flowers  solilaiy  or  collected  into  on  inflorescence,  and  hemia- 

ile,  moncecioua,  or  dicecious.     The  tropical  species  especially  ore 

o  polymorphic,  and  yet  so  nearly  related,  thai  their  ciassificalion  is  at- 

wilh  exireme  difficulty.     The  genera  of  northern  Europe  agree 

■J  having  a  double  perianth  separable  inlo  coiyx  atid  corolla  ;  in 

hhc  styles  and  sligmas  being  distinct  j  in  the  frinl  being  a  three-valved 


i; 


capsule,  the  valves  separating  elastically  from  a  central  anb  i  and  in  the 
seed  being  stra^ht,  Ihe  embryo  lying  in  Ihe  centre  of  a  fleshy  and  oily 
endosperm.  [Among  Ihe  more  iniporianlgeneraoflhis  very  large  order, 
which  is  divided  inlo  a  number  of  suborders,  are  PhyllaiUhus,  AtUi-  > 
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damn,  Crvlan,  Hippomant,  Cra^phera,  Mcrcuiialis,  AcalypAa,  Call'  ■ 
hgyHC,  Kiciitia,  ManiAol,  Jalropha,  Euphorbia,  Sipkonia.\  A  large 
number  of  species  possess  a  poisonous  latex,  which  is  especially  danger- 
le  tropical  kinds,  3sHi^enianeManH«dlaai\ia^(^i!iPisas^sa.. 
On  the  other  1  land  the  dried  ]atex  of  Eup&arHa  a^ciuarum  and  of  some 
other  African  species,  is  used  in  medicine  under 
the  name  euphorbium  ;  and  of  late  years  also  the 
uil-glan<l5  and  hairs  of  the  East  Indian  RetUertt 
lincloria,  Icnown  as  camala,  and  previously  used 
only  as  a  dye.  Other  ofHcinal  preparations  are 
cascariUa,  the  bark  of  Craton  EMeria;  castcff- 
oil,  derived  from  the  seeds  of  Rkinus  cunt- 
mimis,  and  croton-oil  from  those  of  Crottm 
Ttglium.  Shell-lac  is  obtained  from  the  East- 
Indian  Cratoti  /acci/frum  ;  caoutchouc  or  india- 
rubber  from  the  dried  latex  of  Sipkonta  clasHca  and  Sraiiiiauis  from 
Brazil  and  Guiana.  The  starchy  rhiiome  of  Maniliol  iililissima,  cidli- 
valed  in  many  tropical  countries  and  especially  in  America,  aflbrds, 
after  the  removal  of  the  acrid  latex,  tapioca,  from  which  cassava-btead 
is  made  The  castor-oil  plant  is  ailtivated  for  the  beauty  of  its  foliage. 
[To  this  cohort  belor^  also  Bttxacac  {Suxm),  and  several  other  un- 
important orders. 

Cohort  Vri.  PiPEHALEs.  Flowers  hermaphrodite  or  diclinous, 
usually  in  spikes  or  catkins ;  perianth  rudimentary  or  absent ;  ovaiy 
□nilocular  wicii  a  single  ovule,  or  of  several  .free  carpels  with  two  or- 
more  ovules.  Orders  : — Pipa-acns  [Piper,  Cubeia,  Peptremia) ;  Chbr- 
a»thace,c  (ChlorantJms). 

SUBDIVISION  IT.    Ovary  iitferior  \paiatfCh  more  or  lessdistinct  in  either 
male  or  female Jltnaeri,  or  both. 

Cohort  VIII.  ASARALES.  Flowers  hermaphrodite  or  diclinous; 
perianth  usually  coloured  ;  stamens  epigynous  in  the  hermaphrodite 
flowers;  ovary  uni-  or  multi-locular  ;  frail  a  capsule  or  berry.  Orders;— 
Arisloloihiaccs  (Asamnh  Arislalochii) ;  l^affiesiaeeie{R(iffima,  Hydttora 
CyHmisV 

Cohort  IX.   QtTERNALBLS.     Flowcrs  diclinous  ;  the  male  flowers  ii 
catkins,  the  female  solitary  or  in  spikes ;  perianth  green,  that  of  the 
male  tlower  lobed  or  reduced  to  a  scale,  of  the  female  fiower  min 
3-6-lobcd  or  toothed  ;   ovary    i-6-locular ;    ovule  solitary   basal, 
one  or  more  pendulous  ;  fruit  one-seeded  %  seed  without  endosperm. 
Trees  with  simple  or  compound  leaves]. 

Order  I.    Cl'PULlFER.*.     Trees  or  shrubs  with  simple  alte 


the 
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leaves,  deciduous  stipules,  and  mancccious  Hovers.     Male  Dowers  ar- 
ranged in  calkins,  with  a  4-  or  5-cleft  perianth  or  none  at  ii!l,  and 
five  to  ten  Etamens  attached  to  the  perianth  or  bracts;  female  doweri 
solitaty,  or  in  clusters  or  spikes,  their  perianth  superior,  with  a  toothed 
often  almost  obsolete  ma^n  ;  ovary  with  from  two  to  six  stigmas,  and 
the  same  number  ofloculj;  in  each  locolus  one  or  two  pendulous  ovules 
with  two  integuments.     Fruit  indehiscent,  and,  by  abortion,  usually 
kQnilocutar  and  one-seeded,  and  surrounded  at  its  base  by  a  cup-shaped 
'elope,  the  ciipnle,  as  in  the  oak,  or  entirely  enclosed  within  it,  as 
the  beech.    This  cupule  proceeds  from  an  inferior  dire  (Fig.  303, 
147),  and  not  Irom  a  leaf  of  the  perianth,  as  in  the  Corylacea:.   The 
is  without  endosperm,  and  has  a  large  embryo  with  thick  fleshy 
ledons.     The  fruit  of  the  Spanish  or  sweet  chestnut,  Caitama  vtica, 
edible.     The  two  British  oaks  Quercus  scssii^era  {Jtobur)  and/afan- 
and  Q.  Caiii  and  iii/alBria  from  Asia  iVlinor  and  Turkey,  are 
valuable  for  their  wood,  and  the  latter  especially  for  its  galls,  from  which 
tannin  is  obulned.     Almost  the  whole  of  the  eork  of  commerce  is  the 
produce  of  Q.  subtr  from  Spain,  South  Italy,  and  northern  Africa,  The 
wood  of  Q.  liticlaria  of  North  America  is  used  as  a  yellow  dye.     The 
ch,  FagHS  sylva&a,  is  valuable  for  its  wood  and  the  oil  of  its  seeds. 
Order  2.  CoRTlACE.*,     (Figs.  4S4,  485.)     This  order  is  so  closely 
ed  on  the  one  hand  to  the  Cupuliferro,  on  the  other  hand  to  the  Betula- 
cese,  that  we  may  trace  a  gradual  transition 
between  the  three.     From  Ihe  Cupulifene 
it  is  distinguished  by  the  presence  of  a 
spurious  foliar  cujiulc,  and  by  the  ovules 
having  only  u  single  inic|^inent ;  from  the 
BetalaceflS   by   the    cupule,   the   superior 
though   usually  rudimentary   perianth    of 
the  female  flowers,  the  absence  of  a  peri- 
anth  to  the  male   flowers,  and  by  each   ^ 

ither-lobe  bearing  a  tuft  of  hairs 
|(»ee  Fig.  26S,  p.  137).  The  best-known 
Tepresentatives  of  the  order  or 
bombeam,  Carpinus  Bdulus,  valu- 
ible  for  its  limber,  and  the  hazel  or 
liilbert,  Corylus  Avdlana,  for  its  fruit  and  Fig.  484.— Fr 

wood.  'vr'"i'w 

[To  this  cohort  belongs  also  the  order    siie), 
^aiidar  {yuglans,  Carj-a). 

Cohort  .\.  SA.-4TALALES.  Flowers  hermaphrodite  oT  diclioous  ;  pcii- 
h  usually   conspica 
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usually  four  and  didynainoiiSi  less  often  two,  as  in  Vfreiika  \  ovary 
superior,  and  generally  snrrounded  by  a  disc,  ^ncarpous  and  bilocular, 
wilh  a  large  number  of  anatn>pou>i  ovules  altached  lo  an  axile  placenta 
divided  by  the  dissepiment.  Fruil  capsular,  rarely  baccate ;  seeds 
with  endosperm  and  straight  embryo  (see  Figs.  349  and  397,  pp.  I30, 
144).  [The  genera  are  very  numerous,  and  include  Salpiglossii, 
SihixaHihus,  Calceolaria,  Linaria,  Antirrhinum,  MauranJia,  Lophasper- 
Mum,  Pauliraima,  Sctophularia,  Pens/emoti,  JiSmutus,  Gratiota,  DigilaHs, 
Vertmica,  Bartsia,  Eufhrasia,  Mflampyrum,  Rhinantlms,  Fidiallaris. 
VtrtascHtn.^  The  nlost  important  medicinal  species  is  the  foxglove. 
Digitalis  furpurat ;  the  leaves  of  Graliola  q0cinalis  are  also  officinal. 
A  lat^e  number  of  genera  are  cultivated  in  gardens  for  the  beauty  of 
their  (lowers.     Many  species  are  root-parasites. 

[To  tliis  cohort  belong  also  the  orders  V/riculariaciir  { Ulrietdana, 
Pitigiiiaila);  Orohaiichace^  {Orotancie,  Lalknta);  Gisnermta:  \Gesnera, 
Claxiiiia,  AcMituna,  Calumnea,  Cyrlandra);  Bigiiomacm  (BignoHia, 
Catalfa,  Taoma,  Earemvarpur];  Acanlkaaa  {Rudlia,  Cohifusan, 
Acanthus,  yusticia,  AdMateda)  \  Sisauiacea  [Scsamum,  Ctmiotaria, 
Marlynia,  Pcdalium). 

Cohort  II.  Lamiales.     Perianth  usually  bilabiate,  rarely  nearly  or 

quite  regular,  hypogynoos  ;  slamena  fewer  than  the  corolla-lobes,  rarely 

as  many,  unequal,  usually  four  and  didynamous,  rarely  two  ;  ovary  3-4- 

locular ;  style  simple  ;  stigmas  one  or  two  ;   ovules  solitary  in  each 

k  loculus,  very  rarely  two  or  more  ;  fruit  an  indehiscent  dnipe,  or  com- 

r  posed  of  two  or  four  nucules.    Herbs,  shmb^  or  trees,  with  exstipulatc 

'  Onier  i.  Labiat.«;,     (Figs.  489-492.)     Herbaceous  or  suffruticose 

plants,  usually  with  square  stem  and  opposite  (decussatej  or  verticillate 
exsttpulate  leaves.  The  flowers  are  arranged  in  compact  cymes  {ptrti- 
cillaslcrs)  in  the  axils  of  the  leaves  ;  and  the  separate  inflorescences  are 
often  so  crowded  as  to  give  to  the  whole  the  appearance  of  a  compound 
spike.  The  tubular,  usually  bilabiate,  calyx  is  per^lent;  the  corolla  usu- 
ally ringent  and  Mabiate,  rarely  rtgular  ;  in  the  former  cose  the  upper 
lip  consists  of  two,  the  lower  lip  of  three  teeth  (petals);  the  structure  of 
tbe  bilabiate  calyx  being  the  reverse.  Stamens  rarely  two,  usually  four, 
of  two  unequal  lengths  {didytiametu) ;  but  the  anthers  are  not  always 
perfectly  developed,  sometimes  consisting  of  one  lobe  only,  the  other 
lobe  being  barren,  as  in  Saltiia  (Fig.  269,  p.  138).  The  mode  of  de- 
hiscence of  the  anthers  also  varies  ;  tn  Gaicopsis  It  is  transverse.  The 
style  is  gyneiaiic,  or  rises  from  the  base  of  the  deeply  four-lolwd  ovary, 
which  is  placed  on  an  inferior  disc  ;  each  division  of  the  ovary  contains 
Anly  a  ungle  ovule,  with  its  micropyle  directed  downwards,     Fruit 
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Fig.    iig.—ZamiMma^tP.:  I.  pan  of  plani   (natural 

■ic);    II.  longUudinal  Mciioa  of  Bnwrr  (msgmficdi;  \v       yr    , 

1,  floral  diagram  (see  also  Figs,  ijo,  348,  !73.  pp.  IIS.  V        ""^    jf 

0.139).  Xa^  .^ 


w 
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enclosed  in  tlie  base  of  Lhc  calyx,  and  consFsiing  of  four  niicula,  each 
contatniag  a  single  seed.  JAmong  the  numerous  genera  of  this  la^e 
and  impoiianC  order  ore  CeUiis,  LovandHla,  Mmtha,  Origanum, 
Thymus,  Calamintha,  Melissa,  Neptta,  Pmntlla,  ScuU'.laria,  MeUlUs, 
ifarntbium,  Slackys,  Laniitim,  Bitllulo,  Pklem'is,  Caleapm,  TmcriutHf  , 
A)uga,  iafoii.]  The  plants  belonging  lo  it  abound  in  volalile  oils  con- 
[lUned  in  apedal  glands,  and  a  large  number  are  consequently  officinal; 
as  Mtttlha  piperita  peppermint,  M.  ctispa  curled  mint,  Lavandula 
BHgHstifolia  lavender.  Thymus  serpyllum  and  vulgaris  the  wild  and 
garden  thymes,  Rosmarimis  o^cinaiis  rosemary,  Oiymum  hasUicum 
bLisil  thyme,  Origanum  Majorana  and  vulgare  nis.r]0r3m,  ftc 
Sahiia  officinalis  is  valuable  on  account  of  the  large  quantity  of  tannin 
contained  in  it ;  Plectranllms  gra^colens  of  the  Mascarene  Islands  is 
the  source  of  patchouli. 

[The  only  other  important  order  of  the  cohort  is  Verbtnaiea,  which 
includes  the  genera  Verbma,  Lantana,   TecUma,   CUredtiidmu,  Vilej, 

Section  II.     Flowers  usually  rtgvlar. 

Cohort  III.  PoLEMO MALES.  Corolla  gamopetalous,  hypogynous. 
r^ular  or  oblique  ;  stamens  as  many  as  the  corolla.lobes,  epipetilous, 
equal  or  unequal,  often  exserted ;  ovary  1-5-locular,  syncarpous 
(rarely  apocarpous);  seeds  very  numerous,  or  only  one  to  two  in  each 
loculus.  Herbs,  rarely  shrubs  or  trees,  with  exstipulale,  alternate  or 
geminate,  rarely  opposite,  leaves.] 

Order  I.  So1j4NACE/E.  (Figs.  49,1-497.)  Herbaceous  or  sufihiti- 
cose  plat>t5  with  alternate,  in  the  upper  part  geminate,  leaves,  one  of 
each  pair  being  always  smaller  than  the  other.  Calyx  usually  5- 
partite  and  persistent ;  corolla  r^ular,  deciduous,  folded  in  the 
bud,  and  4-  or  J-partite ;  stamens  equal  in  number  to  the  corolla- 
lobes;  ovary  usnally  bilocular,  or  almost  4-locular  by  Ihlse  septa, 
rarely  3-  or  s-locular.  The  numerous  seeds  have  an  abundant 
fleshy  endosperm ;  fruit  a  capsule  or  berry.  [Among  the  more  im- 
portant genera  are  Nicoliana,  Fclunia,  DatHra.Hyescyamus,  Ntiondra, 
Lyeopersieum,  Lycium,  Piysslii,  Atropa,  Capsicum,  Maudragtra, 
Salanum,  AWnna.]  The  useful  and  officinal  plants  belonging  to  it  are 
numerous,  including  the  potato  Salanum  tuberosum,  S.  dulcamara 
the  bitter-sweet,  ZycopfrsicHm  aculeHtunt  of  Aie  East  Indies  the  tomato. 
Capsicum  annuum  of  the  West  Indies  or  Cayenne  pepper,  Nicaliaiiir 
Teiaeum  tobacco,  Alrafia  Belladonna  the  deadly  nighlshnde, 
Hyeseyamus  niger  the  henbane,  Datura  Stravumium  the  thora-ajtple, 
Physalia  Alkilxngi  the  winter  cherry,  i:c. 
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This  cohort  includes  also  the  (bllowing  orders  : — Hydrophyllacat 
{Hydropkyllum,  NemophUa,  Eutoca);  Potemoniacfa  (Phlox,  CollaiiiB, 
GUlia,  Paiemonium,  CoAm) ;  ConvdvHlacfa  {l^amBclii,Balaias,  PharOia, 
Ipomcea,  Cvnvolvulus,  Evebinlus,  Parana,  Cuscuta);  and  Bartagines 
(Hilinlrofium,  Ceriathi,  Echiiim,  Borrago,  Sympkylam,  AnehHio, 
Lycopih,  Lilhuspa-aaim,  Pulawaaria,  Myosalis,   Cyne^ssum,  Ompha- 


Cohort  IV.  GENTIftNALES.    Corolla  gamopelalous  or  rarely  nearly 
tpopelalous,  hypogynous ,  stamens  same  in  number  as  corolla-lobes  or 


StrmMal  and  Phpiobgiml  Bola.y. 
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fewer,  epipelalous  and  nsuaUy  included  in  corolla-tube  ;  ovaiy  nauallj 
syiicarpous  and  bilocular.  Herbs,  shrubs,  or  trees,  almost  always  with 
opposite  or  verticillate  exslipnkte  leaves.  Orders:—  Olcacca  {jfasminum, 
Olm,  L^ustropi,  PhUlyrm,  Fraxima,  Syririga,  Fonylhia);  Apocymueic 
(AUamanda,  Taia-iiitmanlana,  Viiica,  Af^num,  Nerium);Aultpiaiie,e 
iVinatoxiiiim,  CynaachHm,  Aiclfpias,  SltpAaialis,  Sitya,  StafiiHa); 
Laganiacia  [Logania,  Spigilia,  Stryc&mis) ;  Cenlianaceir  (Erylhraa, 
~  iitiaiia,  illlarsia,  Minya-itthcs,  LimiiaHlhcmum). 


diagram  of 


Cohort  V.  EbeNalBS.  Corolla  gamopetalous  or  apopetalous, 
hypogynons  or  epigynous,  rarely  perigynous ;  stamens  usually  many 
more  than  the  corolla-lobes,  or  if  equal  iu  number  usually  alternate  with 
Ihcm;  OTary  2-  or  inuiti-locular ;  ovules  usually  few;  fruit  rarely 
capsular.  Shrubs  or  trees,  with  rftemate  eistipulate  leaves.  Principal 
orders  : — Kbenaati  (Diiysfyroi\\  Slyracoi  [Symplocos,  Siyrax,  Halead). 
Cohort  VI.  Prihulales.  Corolla  regular,  hypogynous,  rarely 
epigynou^  gamopetalous,  rarely  apopetalous;  stamens  equal  in  number 
to  corolla-lobes  and  opposite  to  them,  or  if  more  numerous  one  scries 
always  opposite,  hypi^ynons  or  epipetalous;  ovary  unilocular,  with 
free  central  placentation.  Herbs  or  shrubs,  rarely  trees,  with  eistipulate  J 
usually  allemate  leaves. 

Order  \.  ParMniACEie.     (Figs.  13S,  298,  306,  311.)    Characlen 

essentially  those  of  the  cohort.  Principal  genera: — Siiidaisella,  Cycla.men,7^ 

Lysimatkia,  Piimula,  Anagallis,  Hattonia.     Other  orders  : — Plumba- 

gineit  [F!uni6ago,  Aniuria,  Stalice) ;  Myrsinacea  ^Afyrsine,  Ardiita). 

Cohort  VII.  Ericales.     Corolla  hypogynous  or  rarely  epigynous, 

gamopetalous  or  rarely  apopetalous  ;  stamens  as  many  or  twice  as  many 

as  corolia-lobcs,  hypogynous  or  epipetalous  ;  ovary  uni- or  mulli-locular; 

ovules  one  or  many ;  stigma  simple,  entire  or  lobcd  ;  seeds  minute. 

Iferbs,  shrubs,  or  trees,  often  with  heath-like  leaves,  or  sometimes 

■  parasitic.    Orders: — Eriaures  {Arbutiis,  Gatillheria,  AnJremeda,  Erica, 

m^alluiia,  Rhadara,  Phyllodsfe,  Ledum,  Kalmia,  Azalta,  Rhmiodendi-on, 
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Epiga^a,   Clethra) ;  Monolrspacm   {^Monctr^pa,  Lalhraa) ;   VaceintatoB 
( Vaccinium,  Oxycotais] ;  Epacridea  {Epacris) ;  Pj-rolacea  (fyrela). 


Epigynous;  ovary  inferior. 
Cohort  VIIL  Campasales.  Flowers  usually  irregular,  rarely  o: 
sexual  or  collected  into  involucrate  capitula  ;  stamens  us  many  as  corolla- 
lobes  or  fewer ;  ovary  2-6- 
rarely  uni-locu)flr ;  style  simple  ; 
stigina  often  enveloped  1; 
sheath ;  ovules  numerous,  rarely 
solitary.  Herhs  or  rarely  shrubs, 
with  cxstipukte  leaves  and  ofien 
a  milky  juice.  Principal  order  : 
Campanu/acea  {PhyUuma,  ^isi- 
oiK,  SpKHlaria,  Campanula, 
CliiilDtiia,  Luif/ia). 

Cohort  IX.  ASTERALES. 
Flowers  regular  or  irrCEnlar, 
often  unisexual  and  collected  ii 
fnvoiucrale  capilula ;  slams 
05  many  as  corolla-lobe^ 
rarely  fewer,  epipetalous  ;  ovary 
uni-locular,  ovule  salitaiy,  (or 
rarely  2-3-locul3r,  all  bul 
one  then  barrtn).       Herbs    or 


rubs,  rarely  trees,  with  exstipulate  leaves ;  calyx-limb  usually  reduced 
a  pappus,  or  absent.     (Figs.  498-503. )] 
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Order  I.  CoMPosiT-*,     This  order  is  not  only  One  of  Lbe  li 

but  one  of  tbe  best  chamderised  and  most  natural  in  the  v^;eUhle 

kingdom.     It  nambers  about  twelve  thousand  species  distributed  o< 

the  whole  surface  of  the  globe.     The  species  are  herbaceous,   nueljr 

shrubby,    and  often   (Liguliflorx)    containii^  ■ 

milkylatex;  the  leaves  are  eistipulale  ood  usually 

alternate.     The  flowers  are  hermaphrodite,  n 

female,  or  neuter  (containing  neither  stamens 

pistil).     They  are  placed  on  a  common  broadly 

expanded    receptacle,    and    ore   crowded   itito  ■ 

capitulum,  and  surrounded  by  a  gmeral  invotucrt 

ofdensely  crowded  bracts.   The  individual  floiwenr 

are  usually  situated  m  the  axils  of  small  bracts^ 

which  are  called  falfie,  and  the  receptacle  is  tl 

said  to  be  paleaceous  ;  when  these  are  absent  it  is 

naked.      Rarely  each  Dower  has  a  speeial  it 

lucet.     The  calyx  consists  of  an  epigynous  tube^ 

the   free   margin   of  which  developes  after  t}ie 

withering    of   the    flower,    sometimes    renuiiui^ 

membranous  and  entire,  but  usually  transformed' 

into  bristles,  hairs,  scales,  or  a  silky  pappus  (see 

p.  127).      The  corolla  is  always  gamopetalou^, 

and    is  usually     5-    but    sometimes 

Fio.  j«.  —  Hitil  of    clefi,  is  either  tubular  and  regnlar,  or  hUaMaUt 

^^m««  tmag-     ],j,^ing  j^  j(,e  latter  case  two  divisions  in  the  Upper 

and  three  in  the  lower  lip,  or  lipilate.     The  five 

_  stamens  are  attached  to  the  corolla-tube  and  ftre 

jfl^''j5ili  alternate  with  its  teeth  ;  their  ^laments  are  ftvt, 

|!T       ^  but  tlieir  anthers  coherent  into  a  tube  {lytt^nt' 

\Sl         I  n'odi),    always  fiimiahed   at    the   apex  with  onc^ 

W^    3  sometimes  at  tlie  base  with  two  appendages.    The 

H^r  ovary  is  inferior  and  unilocular,   and  coatains  « 

^^  single  erect  ovule.      The  style   branches  in  the 

ducoiy    CicksnKm    "Ppef  part  into  two  arms,  and  is  usually  furnished 

I'Uyiiu.  wilt  toron-   with  collecting  hairs  which  act  like  a  brush  in  col- 

fiid)!"'"""    ""*"'     lecting  the  pollen.     The   fruit  is  a  cypsela  tatsf 

toining  a  single  seed   without  endosperm.      Th^ 

flowers  (florets)  of  the  central  part  of  the  capitulum  are  often  of  a 

diBerent  structure  and  colour  from  those  of  the  margin  ;  and  the  two 

kmds  are  hence  often  called  ^or«i  ef  the  disc  aai.  Jierctt  ef  Ike  ray. 

[The  order  is  divided  into  three  suborders,  as  follows  ; — 

I.  LigiUifiora.     Flowers  all  hermaphrodite  and  ligulate ;  style  wlA 
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rfitifonn  branches,  pubescent ;  stigmatic  bonds  sepnnite,  and  not  half  as 
long  as  ibe  branches  of  [he  style.  Herbs  wtlh  alternate  leaves  and  a 
milky  latex  : — Calattanche,  Cichnriuni,  Picris,  Crepis,  Hkraduntf  ffy- 
pec/uerit,  Ltontodon,  Taraxacum,  Lactuca,  Sonchus,  Tragopogtm, 
Seorvmira,  Seofymiis. 

2.  LabuUifionr.  Corolla  of  the  hermaphrodite  flowers  usually 
bilabiate  ;  of  the  male   and   female  flowers  ligulate   or  bilabiate : — 

3.  Tubaliflors.  Flowers  sometimes  all  tnbular,  regular  and  her- 
maphrodite, rarely  irregular  and  neuter,  sometimes  those  of  the  disc 
tubolar,  of  the  ray  ligulate,  the  former  hermaphrodite,  the  latter  female 

■.-^Vemenia,  Ettpatoriam,  Mikaitia,  Solidage,  Bdlis,  Asta-, 
'£rigenni,  Cenyaa,  FSage,  GnapAoiiam,  ffeluhrysutit.  Inula,  PuHcaria, 
SUp/iium,  Xanl/iium,  Zinnia,  Rudiakia,  Hdianthu!,  Coreopsis, 
I  Bidna,  AcMlleB,  Anthemt!,  Chrysaiilfian«tii,  Matricaria, 
■TunsfvAiMr,  Arltmisia,  Tussiiaga,  PHasitcs,  Arnica,  Doramcum,  Cini- 
mfaria,  Stnctio,  CnltHdHla,  EcAinops,  Carlina,  Cardiius,  Cnicus,  Ona- 
I,  CyHum,  Ctnlaurea,  CartAamui.] 
Since  the  Composita:  abound  in  latex,  bitter  principles,  and  volatile 
Eoils,  a  largE  number  of  species  are  officinal,  while  others  are  of  technical 
r  economical  value.  Among  the  inost  important  are  the  following  : — 
le  flowers  of  Arnica  inonlana  ;  chamomile  flowers  from  Matricaria 
^^Mamomilla  and  Anikemis  nobilis  ;  wormwood  from  Artemisia  chinmsis 
d  Absinthium ;  coltsfoot  from  Tussilaga  Farfara  ;  the  leaves  of  Cftietu 
meiHclus  ;  the  roots  of  Lappa  tamatlosa,  o^cinalis,  and  minor,  and 
lAnacyclHiqfficinarum  ;  elecampane  from  Inula  Hdettium  ;  taraxacum 
Taraxacum  officinale  ;  absinthe  from  Artemisia  Absinthium  ; 
I, the  ethereal  oil  of  the  tansy,  Tanactium-  vulgare;  the  dried  latex  of 
irosa  and  saliva.  Mihatda  GiiacK  of  Central  America  is  a 
I  lemedy  against  snalte-bitca  ;  the  crushed  flower-buds  of  Pynthrum 
1  tameum  from  the  Caucasus  are  nsed  as  an  insecticide.  Among  culi- 
L  nary  vegetables  are  the  lettuce  Lactuca  saliva,  endive  Cichoriuta  Endi^a, 
[-.tarragon  Artemisia  Dracunculiis,  chicory  Cickoriuni  Inlybtts,  scorzonem 
Seononera  hiipanica,  the  Jerusalem  artichoke  Heliauthus  luberasus,  and 
the  artichoke  Cynara  SiBlymus.  The  seeds  of  the  sunflower,  Meli- 
anthvs  amitttts,  yield  a  useful  oil,  05  does  the  fruit  of  Madia  saliva  ; 
salHower  is  obtained  from  the  flower-heads  of  Carihamus  Itnetorias. 
^^^  'Everlastings'  are  the  dried  flower-heads  of  species  of  Hetichrysum 
^^k  and  GHaphalium,  and  C.  leontapodium  is  the  '  Edelweiss  '  of  the  Alps. 
^^H  The  common  marigold  is  a  species  of  Calendula. 
^^^m  [To  this  cohort  belong  also  Vaierianacea:  {Valeriana,  CeittranlAuSf 
^^^iFedia)  ;  and  Dip\acace<t  (Dipsacus,  Knaiilia,  Scabiosa). 
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^^^^  Cohort  X.  RuBlAl.BS.  Flowers  regulitr  or  irregular  ;  stamens  as 
^^^Vmany  as  corotla-lobes,  fpipetalous  ;  ovary  z-  or  muiti-locuhr ;  ovules 
^^^V^itary  or  numerous  ;  seeds  with  or  very  rarely  without  endosperm. 
^fl^^  Shrubs  or  trees  rarely  herbs,  with  opposite  or  vecticillate  often  stipulate 

leaves  ;  calyx  never  pappose. 

Orilir  I.  EubiAce;e.     (Fijp.  504,  505.)    Trees  or  shrubs,  rarely 

herbs,  with  simple,  entire,  opposite  leaves.]    The  stipules  ore  in  man; 


Ecnera  so  simUar  lo  the  true  leaves  as  to  give  the  appearance  of  a  spn- 
IS  whorL  The  stamens  are  equal  in  number  lo  the  corolla-lobes  and 
.  «ltertiate  with  them  ;  the  ovary  bilocular,  the  seerls  solitary  or  ninly 
Lltvo  in  each  loculus,  or  multilocular  and  the  seeds  several  in  each  division. 


P  Special  Morphology  and  CL 

The  fruU  is  a  drupe,  berry,  CBpslUe,  or  acliene,  oi 

the  cniloBperm  large  and  liomy,  as  in  the  coffee-berry,  or  fleshy.     [  Ths 

Older  is  a  very  lai^e  one,  and  in  divided  inlo  a  latge  number  of  tribes. 


I 


t 


suborders  5(rf/H/.p,  CimhoiiM,  and  C^nwofsome  authors  ar 
guislicil  by  the  first  having  the  leaves  in  apparent  whorls  from  the  i 


I 

[ 
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petiokr  stipules ;  the  second  has  opposite  leaves  imd  a.  muItilocuTsr 
ovary  wilh  numerous  seecIs  ;  the  third  opposite  leaves  and  a  bilocular 
-seeded  ovary.     The  European  species  all  belong  to  the  Sldlata, 
are  herbaceous.     Among  the  more  important  genera  of  the  order 
the  following ! — Umaria,  Naudta,    Cinchoaa,  Cascarilla,   Ceada- 
\ia,    Mttssiatda,    Cardeuia,    Ixara,     Cqffea,     CepiaiUs,    Sfiermacoce, 
Rtiiia,   GaUum,  Asfierula.]     It  includes  plants  of  very  great  medi-    * 
einal  and  economical  value.     Peruvian  bark  and  quinine  are  obtained 
from  various  species  of  CincAana,  all  natives  of  central  and  western 
South  America  ;  the  beat  kind  is  the  product  of  C.  Calisayrt  of  Bolivis  ;. 
others  of  C.  glaadullfna  of  Peru,  C.  cnndamiofa  of  northern  Pern  and 
southern  Ecuador,  aod  C.  suciinibra  of  Chimborazo.     It  is  cultivatei} 
with  success  in  Java  and  India.     Coffta  araiica,  the  source  of  coffee, 
grows  in  Arabia  and  Ihc  East  and  West  Indies.     Ipecacuanha  is  the 
of  Ct^tuUlU  Iptcacuanha  uf  Brazil.     Catechu  is  the  product  cf  the 
East  Indian  Uncaria  Gam/iir.     The  important  dye  known  as  madder 
obtained  Irom  the  root  of  Rubia  linclorum. 
IThe  only  other  order  belonging  to  this  cohort  is  Caprifoliacia  [Ley- 
ctsltria,   Symfhericarpui,   Liniiaa,     tVdgetia,    Loiika-a,     VUmrnuni, 
Sambuctts). 

'Division  III.  CALVCXFLOK^.— .S^la/t  connate,  rarely  free,  afters 
adiiatt  to  the  aDary  ;  fclals  distinct,  in  a  single  whorl,  ferigynout  or 
epigyneus  I  disc  adnati  to  the  baie  of  the  calyx,  rerily  tumid  or  rlased 
into  a  torus  er  gynaphare  ;  slanuiu  ferigynous  or  epigyruna,  usually 
inserted  in  or  btnialh  the  outer  margin  of  the  disc;  miaryfrequaitly 

Cohort  I.  Umbel lALES.— Flowers  usually  hermaphrodite  ;  stamens 
usually  definite  ;  ovaiy  inferior,  i-,  z-,  or  mulli-Iocular ;  ovules 
solitary,  pendulous  ;  styles  free  or  connate  at  the  base  ;  ovules  with  the 
coots  confluent  with  the  nucleus  ;  seeds  albuminous  ;  embryo  usually 
minute  ;  flowers  generally  in  umbels.] 
I  Order  J.   Umbellifer.*.   (Figs. 306-5 13.)     Herbs,  rarely  shrubs, 

with  round  or  furrowed  jointed  stem,  and  alternate  usually  compound 
leaves  sheathing  at  the  base.  The  Howers  ere  hermaphrodite  [except 
occasionally  the  outermost  in  the  umbel],  and  are  arranged  in  simple  qf 
compound  umbels,  which  in  some  genera  are  contracted  into  capitulaby 
the  shortening  of  the  axis  ;  the  inflorescence  is  usually  surrounded  by  an 
involucre  consisting  of  a  single  whorl  of  bracts  ;  when  this  includu  the 
entire  inflorescence  it  is  called  the^mn-n/ riJiw/wi-nf  ;  when  it  includes 
only  a  secondary  umbel,  a  partial  involucre  or  imielaid.  The  calyx-lube 
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It  lo  the  ovary,  but  with  a  free  Gve-loothed  or  entire  maipn 
however  sometimes  almost  obsolete].  Tlie  petale  are  live,  ilis- 
re,  emai^nate  or  two-tobcJ,  the  outer  ones  often  larger  thaa 


f  ,yiG.  S06.— L  ^Oa 


\tsaC,Hntlam,  fool'ipanley  (nalural  mk);  II.  fruil{rasgiiifiedl; 


ir  rayed ;  adherent  lo  the  calyx  and  alternate  with  its  Weth, 
s  are  live,  rolled  up  in  \eraation;  ihe  ovary  usually  l)i-,  mrely 
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li-locular,  andconlaios  asinglependulous  ovule  in  each  loculus.  Each 

of  the  Iwo  styles  is  expaoded  at  its  base  into  the  disc,  which  crOHiis  the 

I   apex  of  the  uvary  and  is  termed  the  slylo/iod^.     The  &uit  is  a  bipartite 


'  (Cffilospcrma:)    II  tranEVHS 

[    schizocarp  or  mmocarp,  separating  from  below  upwards.,  Vt.o  halvci 

\    (mericarp!)  separating  from  the  columella  or  tarfephere,  the  carpophore 

ilscirsplilling  from  the  apex  halfway  down  or  to  the  base  (I'lg  509). 


I 


The  small  embryo  is  enclosed  in  tbe  apex  of  a  large  endospe 
usually  convex  outer  sides  of  the  mericarps,  which  at 
another  by  their  inner  surfaces,  are  termed  the  back, 


.     I 

■m.     The        I 
:  attaclud      J 
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mericarp   has  five  more   or  less  eonspieuovis  lotigitudinal  ridges  or 

frimary  Juga,  Ihe  median  of  which  i&  l)ie  carina  •  the  two  outermost  are 

the  Biarginai  oi /aferal ;  [hose  Ihat  lie  between  the  iiiUrnudiati  ri^ga. 

Alternate  with  the  primary  are  often  four  secondary  ridges,  which  are 

not  unfrequently  more  strongly  developed  than  the  primary  ones,  but 

ore  always  at  once  recognised  by  their  position,  the  central  one  or 

carina  being  always  a  primary  ridge.     The  intervals  which  separate  the 

primary  ridges  are  termed  furrows  ;  and  beneath  their  surface  are  a 

number  of  slightly  projecting  canals  or  ■mltm  containing  a  volatile  ml, 

which  are  usually  visible  only  on  making  a  transverse  section.     The 

endosperm  is  on  the  ventral  side,  and  is  cither  Hat,  in  the  suborder 

,     Orthospemim,  or  less  often  channelled  longitudinally  by  the  incurv- 

I  irg  of  (he  margins  [Camfiylosfermte) ;  or  hollowed  out  {Calesperma). 

I    (Among  the  very  numerous  genera  belonging  to  this  large  and  important 

'    order    are    Hydrocotyle,   Eryngium,    Astrantia,   'Saniaila,    Centaai, 

Smymium,  Bufleurum,  Apmm,  Cicula,  Ammi,  Carum,  Slum,  Sison, 

M^podium,     Pimfiiulla,     Cafiepodium,     Myrrhis,     ChirrephyUum, 

Anihristus,  Seiili,  Faniadum,  CritAmumi  (Enant/ie,  jElhusa,  JIfeum, 

I   Ugusticam,  I.evisticuvi,  Angdka,  Archangelka,  Ferula,  Peiicedammi, 

^Jirracleum,  Ofiopanax,  Coriandrrim,  Cuminiim,  Oaucus,  PctrasdiTUim, 

mf^iliuaca,   Biinium,   Andhum.^      The  roots  contain   abundance   of 

F.iesin,  and  the  ftuits  a  volatile  oil.     Among  culinary  vegetables  are  the 

carrot  Daucus  Carota,  chervil  Aulhrisaii  ^ertfeiium,  celery  Aptum  gnf 

T>ioUns,  parsley  Plirestlinum  laiinum,  piarsnip  Pasdnaca  saliva,  fennel 

Fixniculum  effitinah,  &c.     Among  medicinal  products  are  the  caraway 

Cam/a  Carui,  coriander  Coriandrum  salivam,  water-fenne!  (EnaittAe 

Phdlandrium,   dill   Aueliuat   grmieolms,   anise  Pimpintlla  Aniaim, 

pimpinella  Pimfindla  Saxi/raga,    archangel  ArchattgelUa  e^cinalh, 

lovage  Levislitum  o^dnalcy  assaftetida  Narthtx  Assafalida,  ammoniacttm 

Derema  ammomacitm,    and  galbanum  Caibmmm  cffidnali,   the   last 

three  from  Persia.     The  following  are  poisonous  : — Hemlock  Comum 

maculalHtn,  fool's  parsley -ff/AuM  Cynapium,  dropwort  CEnantke  fistu- 

losa,   water-hemlock  Ciaita,  viroia,   and   wild  chervil   Charofhyllum 

[To  the  same  cohortbelong/^r«/iorEir(^lM//rt,  Htdcra,  Panax);  saA 
I  Cernarea  (Comiis,  Benthamia,  Aucuba). 

I         Cohort  II,    FlcoiDALES.     Flowers  regular  or  nearly  so  ;   ovary 

I   syntarpous,  inferior  half-inferior  or  superior  ;  unilocular  with  parietal 

placenta:,  or  2-  to  multi-locular  with  basilar  or  axile  placenta  ;  seed 

albuminous  with  curved  emhiyo,  or  exalbuminous  with  oblique  embryo. 

Succulent  herbs.     Orders  : — Cactatee:  {Mdocaclus,  Mamillaria,  EMno- 
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<scttt!.  Cirrus,  Phyllacadus,  Epipkyllnm,  Rkipsalis,  Opunlta);  Ficoidet 
{A'aeon,  TeUphiiini);  Mesemhryantktmacea\Mcsembryanlhemum). 

Cohort  III.  Pass!  FLO  RALES.  Flowers  usually  regular,  hennaphro- 
ditc  or  unisexual;  ovary  u&ually  iitferioi,  Eyncarpous,  unilocular,  with 
parietal  placentx,  Eotnetimes  3-  or  multi-luculur  by  the  produced 
placenlse  ;  styles  free  or  connate.  Mostly  twining  or  climbing  herbs 
or  shrubs,  commonly  furnished  with  tendrils.  Principal  orders  ; — Pas- 
iiflnra^ca:  {Maleshcrlt'a,  Patsifiara,  Taesen'm,  MoiUctB,  CaHeay,  Ciicur- 
bUareiz  {L«ga,  Momcrdka,  Ciuiimis,  Cilndius,  Cunirbita,  Bryonia, 
Mlaieriani,  Siiyos,  Cymnltmina);  Be^niacea  [Be^itiii\. 

Cohort  IV.  M¥RTAL£S,  FlowetB  regular  or  nearly  so,  usually 
hermaphrodite  j  ovary  syncarpous,  usually  inferior  ;  styles  united,  very 
rarely  free  ;  placenta  axile  or  apical,  rarely  basal.  Trees,  shrubs,  or 
rarely  herl»,  with  simple  usually  entire  leaves.] 

Order  1.  MyktaCB*.  Trees  or  shrubs,  rarely  herbs,  usually  with 
opposite  exstipulate  leaves,  which  appear  punctated  by  glands  contain- 
ing  a  volatile  oil ;  flowers  solitary  in  the  axils  of  the  leaves  ;  stamens 
numerous,  with  the  filaments  sometimes  coherent  into  one  or  more 
bundles;  ovary  inferior  orhalf.inferior,  uni- or  muili-locular ;  ihe  fruit 
a  berty  or  capsule,  generally  crowned  wilh  the  calyx-limb.  [Amongthe 
more  striking  genera  of  this  lai^  and  important  order,  chiefly  natives 
of  tropical  or  subtropical  countries,  are  CalfisleTHOn,  MtiaUufa,  Mdro- 
sii/ems,  CalotAamnii!,  LeJUosfcniium,  Eacalypttis,  Psidittm,  Myrius, 
Pimenta,  Eugenia,  Caryophyllus,  Barringfonia,  Berlholeltia,  LtcylMs, 
JVapoltima.}  The  Hower-buds  of  CaryapAyllas  ammatictu  of  the  Moluccas 
and  Antilles  are  the  cloves  of  commerce;  other  oflicinal  products  of 
the  order  are  cajeput-oil  from  Mdaleuca  minor  of  the  Moluccas,  and 
kino,  the  dried  sap  of  Euea/ypius  resimyira  of  Australia;  Eugtnia  Pitnenia 
of  the  West  Indies  is  known  as  allspice.  The  wood  of  MtlrasidtrO! 
Z'tra  of  Australia  is  the  hard  and  valuable  iron-wood.  Several  species 
of  the  Australian  genus  Euraiypius  or  gum-tree,  especially  the  Tasmanian 
£.  gloiiilus,  are  much  cultivated  for  the  rapidity  of  their  growth  and  the 
anti-miasmatic  properties  of  their  leaves.  The  fruit  aiPiidium  pyrifirum 
is  theguavi  of  the  West  Indies;  B  rail  I  nuts  are  the  seeds  ot  ^(rMfl/rf/u 
txitlstt  of  Brazil ;  the  fruits  of  Ltcylhh  otlatia  are  known  as  ■  monkey- 

The  other  important  orders  of  the  cohort  are  Melaslomacta:  {Mda- 
sloma);  Lythracea  (Lytknim,  Lagerstramia);  Oiiagmcoi:  (Epilabium, 
Fuchda,  Jussieua,  Ciretta,  Godelia,  Clar/aa,  (EiielAtra);  Rkisopkaracea 
{lihisophtraY,  Cvmbntacea  {Quisqualis,  CambrOttm,  Trrniinalir). 

Cohort  V.  RosALES.  Flowers  usually  hermaphrodite,  r^ular  01 
1    irregular ;  carpels  one  or  mote,  usually  quite  free  in  the  bud,  sometimes.  ■ 


I 
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variously  united  afterwards  wilh  the  calyx-lube,   or  enclosed   i 
swollen  top  of  the  peduncle  ;  styles  usually  distinct  or  only  one.] 

Ordtr  1.  Leguminos^.  Herbs,  shralis,  or  trees,  with  stipulate 
leaves,  usually  alternate  and  compound.  Calyx  eitlier  imbricate  □: 
vate  in  bud,  z-lipped,  s-cleft  or  5-loothed,  the  odd  section  beine 
below ;  very  rarely  4-cleft  ;  petals  equal  in  number  to  the  calyx- 
leelh,  seldom  fewer  ;  stamens  usually  double  as  many,  often  much 
more  numerous.  The  monocarpellary,  nnQocnlar,  free,  superior  ovary 
develops  into  a  l^ume  or  lomenlum,  bearing  01 
seeds,  which  have  no  or  very  little  endosperm. 

lliis  very  large  and  important  order  is  divided  into  three  well-marked 
suborders,  as  follows  :- 

I,  Papilionacai.  (Figs.  514-516.)  Herbs,  shrubs,  or  trees  of  very 
various  habit,  usually  with  alternate  and  compound,  pinnate  or  digitate 
leaves.  TIte  petiole  has  two  stipules,  and  sometimes  each  pinna  has  alsox 
stipells  ;  the  stipules  are  sometimes  transformed  into  thorns  [or  tendrils]; 
and  the  periole  frequently  ends  in  a  tendril.  The  flowers  are  seldom 
solitary,  usually  collected  into  spikes,  racemes,  or  umbels,  but  n 
compound  inflorescences.  The  calyx  is  gamosepalous,  5 -toothed,  and  often 
s.lipped  ;  the  corolla  attached  to  its  base,  and  irregular,  5-Ieaved,  and 
papilionttiotus.  The  two  inferior  petals  are  mostly  more  or  less  coherent 
and  form  the  kid  or  carina  (see  Fig.  353,  p.  132),  the  two  lateral  ones 
being  Ihea/iiiiptor  o/ir,  and  the  superior  the  slaiidard  aivtiillum.  Some- 
timea  nllthe  petals  are  coherent  into  a  lube  [as  in  Trijblmm\  The  fila- 
ments of  the  ten  stamens  are  either  coherent  into  a  tube  \inonadtlpk9u£\ 
surrounding  the  pisril,  or  nine  of  them  form  a  tube  open  above,  the  tenth 
lying  in  front  of  the  cleft  {diaddphmis).  The  ovary  is  superior,  bearingljie 
ovules  on  its  ventral  suture ;  usually  unilocular,  1 
Astragalus  (Fig.  zSS,  p.  142),  almost  bilocular  from  the  folding  inof  Qie 
margin  of  the  carpel.  The  fruit  is  a  unilocular  capsule  ((l(g«wt),  splitting' 
into  two  valves  by  both  dorsal  and  ventral  suture;  bnt  someliioeB  iieaily 
bilocnlar,  like  the  ovary,  or  multilocular  hy  the  formation  of  n 
cellular  tissue  between  the  seeds  ;  and  then  it  sometimes  breaks  up  inlv 
sections  by  the  contraction  of  the  pericarp  between  the  seeds,  when  it 
is  termed  alame»tiim  (Fig.  516,  tl.);  rarely  indcMscent,  as  in  the  sainfoin. 
The  seeds  are  usually  e?:albumi  nous,  rarely  with  a  small  endospeim; 
the  embryo  curved,  with  the  radicle  lying  on  the  cleft  of  the  cotyledons. 
[Among  the  more  important  genera  are  BafttHa,  Cretalaria,  Lupbntt, 
Ceniila,  Ultr,  Cylisus,  Ononis,  Trigofitlla,  Medicago,  Mdiletu!.  Tri/fftauHt 
Attlliyllis,  Ijftus,  Psaralta,  Indigofera,  IVis/aria,  Kobinia,  Co6iin, 
Aslra^us,  Oxytrofis,   Clycyrrkixa,  Ornithofus,  CBranilla,  Sifp. 

—  - "^j     ■     -  ■ 
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Lais,  Lalhynis,  Pisum,  Xeniudya,  Bulea,  Phaseokts,  Detuhos,  Daliergia, 
Pterocarpus,  Sophora,  Myrsxylon,  AiWrtJio.]  The  most  valUeWe 
agricullural  mid  ciJinBry  plants  are  the  scarlet-ninner  nnd  French  bean, 
Fhascoliis  mulliflorui  and  vulgaris  ;  the  field  and  garden-pea,  Pimm 
talivum;  the  vetch,  Vicia  jofliw  j  the  bean,   Vicia'Faia;   the  lentil, 


Ervum  Leits  ;  the  chick-pea,  dear  arictimim  -,  the  lucerne,  Medicago 
salh-a  ;  the  sainToin,  Onohychis  mtrva;  the  white  lupin,  Lupinns  aiiui; 
and  the  clovers,  Trifalium  protease,  repeni,  and  incarnaliim.  Among 
officinal  products  are  the  root  of  the  resl-harrow,  Ononii  s/iiiesa,  a 
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the  foliiige  and  inilDrescence  of  the  melllot,  Mdilolus  ejfcinalis.  Liquorits 
a  obtained  from  the  roots  of  Glycyrrhaa  tchinala  and  glabra  from 
southern  Europe  ;  several  species  of  Myroxylan  of  Peru  and  Colom- 
bia yield  bulsam  of  Peru  ;  the  boiled  sap  of  the  bark  of  Dripano- 
tts  stntgalettsis  is  known  as  '  kino  africanum  ; '  gum-Iragacanth  is 
,  obtained  from  several  species  of  Astragalus  from  Asia  Minor ;  and 
I  indigo  from  the  East  Indian  Tndigoferd  tiactaria ;  sandal-wood  is  the 


I 


fjc    SIS— Twlited   legume  of       Fig.  516,— 1,  I.egume  of  C™il/fl 
lucerne,  Meditago  to/jeai  (mag-  turn  of  ^frf^jacfthf  (Duiura- __-^ 

timber  of  Pturacarpus  saniatittus  from  the  East  Indies.  [The  seeds  of 
Arachis  hypegaa  (earth-nuts)  are  eaten  in  the  West  Indies  ;  Calutta 
arbBresceas  is  the  bladder-senna.  ] 

2.  Casalpitaia.  This  suborder  is  distinEuished  from  the  Papiliona- 
ceiebythe  almost  regular  not  papilionaceous  corolla,  which  is,  however, 
sometimes  absent,  by  the  straight  embryo,  and  by  the  ten  or  fewer 
Btamens  being  all  free  (not  coherent).  They  are  always  trees  or  shrubs. 
[Important  genera  i—Caaa^nw,  Hitmatoxyhn,  GUdilschui,  Cassia, 
Ctraionia,  Baiihiiiia,  Cercis,  AmA^s/ia,  Tamariudus,  Hymmcca, 
Copaifira.'\  This  suborder  is  entirely  extra-European,  but  yields  a, 
considerable  number  of  ofBcinal  or  economical  products.  Tamarinds 
are  (he  fruit  of  the  East  Indian  Tamaritidus  indaa  ;  the  leaves  of 
Cassia  lanceolata  and  elongata  are  senna ;  balsam  of  copaiba  comes 
from  several  species  of  Cofaifcra,  natives  of  the  West  Indies  and 
Guiana  ;  CeraloKii  Siligiia  of  the  eastern  Mediterranean  is  the  carob  ; 
and  JDipUryx  odorata  of  Guiana,  the  poisonous  tonka-bean.  CssaX- 
^sKtir  ariinafa  sndirasilL'Ksii  of  Biazil  yield  Braiii- wood,  containing  a 
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d  colouring  principle  ;    C.  Safipan  is  the  redsnppan-wood  of  Ilasieni 
ISndia,  and  Hsmatoxyloa  camprchianam  of  Central  America,  logwood. 
3,  jVimwfa  (Fig.  517).     This  suborder  is  also  extra-European  and 
Sliefly  Auslralian  and  East  Indiao.      They  are  distinguished  from  ti 


I'apilionaceK  by  the  valvate  sstivation  of  the  calyx,  and  the  r^;Iar, 
ten  gamopetalous,  corolla.  The  stamens  are  sometimes  very  nu- 
aerous,  and  cither  coherent  or  free,  [The  leaves  are  oHen  replaced 
y  phyllodes,)  see  p.  91).  Principal  genera  •.—Mimosa,  Acitia.  The 
Jsnborder  inclndes    ihe   sensitive  plants   Mimosa  fmdica   and   ssiisilmi 


i 
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33},  and   the  true  Acmias.^     Gum  oiabic  is  obtained  from 
Acacia  Styal,  lorlilis,  and  Ekreitbergiana,  all  natives  of  tropica!  Africa  ; 
3.  japonica, '  or  catechu,  is  the  sap  of  Aiada  'Calahit  of  BengaJ 
and  CoromondEl. 

Order  n.  RosACE,B.  The  lenyes  are  stipulate  ;  the  calyx  regular  and 
usually  gatnoiepolous  and  5-partite,  the  odd  section  superior ;  the  ca- 
tolla  regular  ;  the  pclalE  distinct,  attached  to  the  margin  of  the  calyx, 

tftnd  equal  in  number  with  its  teeth  ;  the  stamens  perigynons,  usually  many 
times  the  number  of  the  petals,  and  l>ent  inwards  in  vernation  ;  the  oraiy 
sometimes  monocarpellary,  but  more  ofieo  multicarpellary,  the  carpels 
being  either  free  or  coherent  with  one  unother  and  with  the  calyx  ;  the 
fruit  dry  or  succulent,  a  berry,  drupe,  or  a  number  of  achenes  or  follicles  ; 
the  seeds  exalbuminous.  This  large  and  important  order  is  again  divided 
into  suborders  : — 

\.  Femea.   (Figs.  518,  519).   Trees  or  shrubs  with  alletnale  usually 

Irimple  leaves  furnished  with  free  deciduous  stipules.     The  flowers  arc 
Fig. 
ih 


^_..  .      .ower  of  die  pear  aj^plc:  cdry  peTSiatent  calyx-lnab  ;  alociili 

(mAgmfied).  wiEh   cartiLginDus  pericarp ;   T    mcsDcarp 


f  regular  and  arranged  iu  short  terminal  umbels,  racemes,  or  cymes,  gften 
corymbose ;  the  calyx-limb  is  J-cleft  or  5-toolhed,  imbricate  in  lesti- 
md  remaining  dry  and  persistent  on  the  fruit ;  the  stamens 
numerous,  and,  like  the  five  petals,  attached  in  a  ring  lo  the  base  of  the 
calyx  {Fig.  518) ;  the  ovary  is  as  a  rule  5-,  more  rarely  2-  or  3-!ocular, 
each  loculus  usually  conlaining  two  ovules  (  styles  equal  in  number  to 
the  loculi,  The  fruit  [or  pseudocarp  (see  p.  147)]  is  succulent,  a  beny 
or  pome,  or  formed  of  a  number  of  drupes,  the  pericarp  being  thin,  cu- 
tilaginous,  orstony.  [Principal  genera  :—Pyrus,  CalotuasUr,  Cralaigia, 
Mains,  Sorbus,  Mupibts,  Cydenia.'\  Among  edible  fruitsare  the  apple 
and  pear  Jynis  Malui  and  comniuiiis,  the  quince  Cydam'a  vulgaris,  the 
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I  medlar  Mtspilus  gtrmanica,   the  hawthorn  or  whilethom   C/aiagui 
Wi«aryaeanfA/i,  and  the  mountam  ash  Sarins  aiiciiparia. 

:  Roifa  (including  SanguisorbeiE,  Dryades,  and  Spincete)  (Figs. 
I  520-522).  Herbs,  shrubs,  or  trees,  usually  with  pinnate  or  digitate 
F  Jkavea,  provided  with  stipules  adherent  to  the  base  of  tlie  petiole.     In 


Sanei'isorln  Dgicinalh ;  1.  flower ; 
iffniilCoLignlfied). 


.— FniilofdEwbtny(ffi«. 
tLbgle  drupel  (iiin£tuAad). 

le  number  and  structure  of  the  parts  of  the  flower  Roscie  agree  for  the 
t  part  with  Pomeic,  but  are  best  distinguished  by  the  numerous 
Pftee  and  unilocular  ovaries,  not  adherent  to  the  calyx.  Tlie  5.,  mrely 
4-deft  garaoaepalous  calyx  has  a  tube  of  various  structure,  and  is  often 
surroDnded  by  a  4-  or  5-cleft  epi-calyx 
or  involucre,  the  leaves  of  which  alternate 
with  the  sepals  ;  the  petals  are  perigynous 
[somelimes  wanting]  ;  the  stamens  rarely 
so  few  as  live,  usually  iz  lo  100,  free  and 
also  perigynous  ;  the  ovaries  mostly  with 
only  a  single  anatropous  ovule ;  snd 
the  style  usually  more  or  less  lateral. 
[Principal  genera  : — Rosa,  AtehemUla,  Po' 
taiuBt,    SangmsBrba,    Agrimonia,    Xuiui, 

Fragarii,  Ceum,  Cemarum,  Dryas,  Pa-  pi^  sji.— Floral  diaerain  of 
itntilla,  S/fiva.}  The  fleshy  calyx-tube  '>'"  "™-  Sm  rig,  156,  p, 
or  receptacle  of  the  rose  forms  an  edible  "'* 
pscudoearp  known  as  a  hip ;  true  edible  fruits  are  borne  by  the  raspberry 
Kuiiii  Idiaii,  and  blackberry  /?.  fruticiims  \  an  edible  receptacle  or 
pseudocarp  (see  p.  146)  by  the  strawberry  Fragaiia  vesca,  datior,  and 
grandifolia.  Oil  of  roses  is  obtained  &om  Rosa  mosckata  and  dama- 
ictna  of  Asia  Minor.  The  bark  of  QuUlaja  ja/ojiaria  of  Chile  is  sapona- 
eeous,  and  known  as  soap-wood  ;  the  flowers  ai  Mar^era  a«t&eli 
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of  Abyssinia  are  a  powerful  anthelmintic  ;  the  root  of  Geiim  ml'dimtit 
and  of  TormenlUla  jecta  are  also  ofGcinal. 

.  AmygdaUi  (or  DrupBcem).  Shrubs  or  trees  with  simple  alter- 
ieayes  provided  with  free  deciduous  stipules.  This  snborder  is. 
l^stinguished  from  the  rest  of  the  order  by  the  ovary,  which  is  composed 
single  superior  carpel  not  adherent  to  the  caly^  and  which  deve- 
bpes  into  a  drupe  (see  p.  152).  In  the  cour5e  of  development  the  peri- 
carp becomes  dliTerentiated  into  three  layers,  of  wtiich  the  outemiost  or 
epicarp  forms  a  more  or  less  tough  siiin,  the  middle  layer,  the  tnesacarp 
or  sarcocarp,  araDre  or  less  pulpy  flesh,  and  the  inner  one,  the  endotarjr 
at  putamai,  a.  hard  stone.  The  fruit  contains  one  or  rarely  two  seeds 
with  fleshy  cotyledons,  and  radicle  directed  upwards  (see  Figs.  220  and 
325  t.  pp.  119,  153).  [Principal  genera: — AmygAdas,  Ceratut, 
JFmica,  Pruirin,  Armmiaca.']  This  sulwrder  is  marked  by  the  ten- 
dency to  form  suistances  containing  hydrocyanic  acid,  which  is  found 
especially  in  the  seeds  of  the  peach,  apricot,  cherry,  plum,  sloe 
Pniaus  spinma,  bitter  almond,  and  in  the  leaves  of  the  cheny-laurel 
Prunus  laiiro-ctrasus.  Edible  fruits  or  seeds  are  furnished  by  the 
almond  Amygdaius  communis,  peach  F^rsica  vtUgaris,  nectarine 
P.  laris,  cherry,  species  of  Ccrasiu,  apricot  Armeniaca  val^arh,  and 
plum  Pninus  damestka,  [The  stem  of  many  species  yields  gum,  and 
the  wood  a  valuabla  timber  for  cabinet-work. 

Besides  other  less  important  orders  belonging  to  this  large  cohort, 
Saxifragaam  (Saxifraga,  Chrysosplmium,  HoUia^  Astiibr,  Cunoaia,. 
ffydrangta,  Escalleiiia,  Dsutda,  Xiies,  Cephalotus,  Philadelfkus, 
Jhrnassja) ;  Crasntlacea  ( TBltra,  Cotyledon,  Crmsula,  Stdum,  San- 
,permvnm,  BryepAylium,  Echeveria,  Umbilicus) ;  Drosemcae  {Drasera, 
Hionsa  ;  see  pp.  169,  203). 

'ivisiON  IV,  X>\x.\v\a%M.—&pals  distinct  grttniitd,  free  or  adnaie to 
l/ie  ovary  ;  petals  iliitiiicl;  disc  usually  eonspieuous  as  a  ring  (w 
cushion,  or  spread  aver  the  base  of  the  calyx-tube,  or  coiijlucnt  with  tlu 
base  of  the  ovary,  or  brstenup  into  glands  ;  stamens  usually  defiuitf, 
iusericd  upon  or  at  the  outer  or   inner  base   of  tlie  disc;   ovary 

Cohort  I,  SAFIndai.es.  Flowers  often  irregular  and  unisexual  ; 
disc  tumid,  adnate  to  the  base  of  the  calyx  or  lining  its  lulie  ;  stamens 
perigynous  or  inserted  upon  the  disc,  or  between  it  and  the  ovary, 
iually  definite  ;  ovary  entire,  lobed,  or  apocarpous  ;  ovules  one  to  two 
I  each  kiCulus,  usually  ascending  with  a  ventml  raphe,  or  reversed,  or 
pendutouE,  from  a  basal  liinicutus,  rarely  indcfinile  and  horizontal  ;  seed 
jmially  exalbumioous  j  embryo  often  curved  or  crumpled.     Shrubs  or 
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I'trees,  mostly  with  compound  leaves.  PriQcipa!  orders  •,—Sapindaaa 
1.  {/"ou/Zinifl,  MscHlas,  Sapindus,  Pama,  Acer,  Negundo,  Uddenaa, 
I  StopAylea)  \  UriMnlhaem  (Rhus,   Pistada,  Mangifera,  Anacardium). 

Cohort  II.  Celastrales.  Flowers  hermaphrodite,  regular  ;  co- 
l  tolla  hypc^ynoos  or  perigynotis  ;  disc  tumid,  adnate  to  the  base  of  the 
F  calyi-lube  or  lining  it ;  stamens  as  many  as  the  petals  or  fewer,  rarely 
I  twice  as  many,  perigynous  or  inserted  outside  the  disc  or  on  its  edge  j 
I  Dvaiy  usually  entire  ;  ovules  one  to  two  in  each  loculus,  erect ;  raphe 
I'  ventral.  Shrubs  or  trees,  rarely  herbs,  usually  with  undivided  leaves. 
1  Principal  orders  : — Cdaslr/tcia  (Euimymtis,  Elaodeiidron,  Ctlaslms, 
I  iiI/>pfKraHa)  ;  Rhamnactft  (Faliitrui,  Ziiyfiiut,  EhaniHus,  Ctatio- 
I  thus)  ;  AnipiHdf^  {Ciisui,  Vilis,  AmfelopA). 

Cohort  III.  Geraniales,  Flowers  often  irregular;  disc  usually 
inular,  adnate  to  the  stamens  or  reduced  to  glands,  rarely  absent ; 
I  ovary  multicarpellary,  syncarpous  or  subapocarpous;  ovules  one  to  two, 
y  rarely  numerous  in  each  carpel,  ascending  or  pendulous  ;  raphe  usually 
entraL  To  this  very  lai|;B  cohort  belong  the  following  orders,  in 
•  addition  to  others  of  less  importance: — Linactic  {Lbtuin,  Erylhmiylan]', 
I  Malplgkiacas  {Mnlfihigia);  Zygopkyaacia  {Tributvs,  Zygophytlim, 
1  Fagoiiia,  Guaiacxm);  Geraniaieie  {Geranium,  Erodium,  FtlargeHutm, 
1  Trofaoltim,  Limaant/ui,  Oxalis,  Biophytum,  Averrlwa,  Impatims)  \ 
a  {Ruta,  DUrommts,  Fegaxum,  Diosma,  Bamma,  Eriosttmim, 
,  ZntilAexylum,  Cilnts,  yEgic,  Lintstiia);  Simanibacia  {Quasiia, 
\.  Snmadira,  Simaia,  CiUBrum,  Siniaruba,  Bracm,  Ailaitbu,  Balanites, 
I  Pia-amnia) ;  Burimuea  (Bosv/dlia,  CanariHtii,  BaUamodcndron,  Bur- 

I,  Amyrii) ;  MeliacdE  (Melia,  SwiOenia,  ddrela,  Chloroxylon). 


\  Division  V.  lYiKLk>A\T\.QViM.— Sepals  murUly  distinct  and  siparaie, 
Jrafrom  the  calyx  ;  petals  in  one,  two,  or  many  whorls,  hypegynous  ; 
siametis  hypogyiioHi,  rarily  inserted  on  a  longer  or  shorter  raeptacle 
or  en  a  disc  ;  ovary  superior. 

Cohort  I.  Mal VALES.  Flowera  usually  r^ular ;  sepals  five,  rarely 
HO  to  four,  free  or  tuiited,  valvate  or  imbricate  ;  petals  as  many  as 
sepals,  or  absent ;  stamens  usually  indefinite  and  monadelphous  ;  ov!iry 
3-locular  or  more,  rarely  monocarpellaiy ;  placeutation  aiile. 
Shrubs,  rarely  herbs  or  trees,  with  alternate,  usually  stipulate,  simple 
or  compound  leaves.] 

Order  1.   Malvace^.      (Fig.   513.)      Herbs,  shrubs,  or  trees,  with 

simple,  alternate,  stipulate  leaves.   The  calyi  is  3.  to  5-cieft,  and  usually 

irrounded  by  an  epi-calyx  or  involucre  of  bracts  1  the  petals  are  equalia 
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nunibcr  to  the  lubes  of  the  calyx,  and  contorted  in  astivatioa  [while  tlie 
calyx  is  valvalc] ;  the  filaments  of  the  numerous  stamens  are  coherent  at 
Iheir  base  with  the  petals,  snd  united  into  a  tube  which  encloses  the 
superior  ovary  ;  the  anthers  are  uniloculor  and  dehisce  in  a  semiciicular 
line  ;  the  ovary  multicarpellary,  the  carpels  arranged  round  ii  cenlril 
axis,  and  either  free  or  united  ;  the  fruit  a  capsule  or  sohiiocarp  ;  the 
cotyledons  of  the  straight  embryo  are  folded  together,  and  the  seed  has 
little  or  no  endosperm.  [Principal  genera  : — MaUpe,  Althaxi,  LauaUra, 
Malva,  Hibiicus,  Gcuj/pium,  Sida,  AbiiHlon,  Adartsonia,  Bamiax, 
ErimUndtoH,  Duria.\  Many  plants  belonging  to  this  order  are  officinal 
on  account  of  the  quantity  of  mucilage  they  contain,  as  the  roots  of 
Althaa  e§ictnalis,  the  flowers  of  the  hollyhock  Althaa  mta,  and  of 
A.  sylvtitris,  and  the  foliage  of  Mabia  rolundifolia.  Cotton  consists 
of  the  hairs  attached  to  the  testa  of  several  species  of  Gotsypiuii, 
especially  G.  herbacrum,  aybortam,  and  rdigiosum,  natives  of  all  tropical 
countries.  The  baobab,  Adansouia  digitata  ol  West  Africa,  is  one  of 
(he  most  gigantic  of  trees.     [The  fruit  of  Duria  is  edible. 

The  other  orders  of  the  cohort  are  Slerculituta  [Lasiafelalum, 
BuUneria,  Theolnvma,  SlircuHa,  TAomaiia)  j  and  Ttlieutin  ( Grewia, 
Tiiia,    Triumfata,  Carchona,  Elwacar/ius). 

Cohort  II.  Guttiferaj.es.  Flowers-  regular  ;  sepals  and  petals 
each  usually  four  or  five,  imbricate  in  bud  ;  stamens  usually  indeEnite  ; 
ovary  3.  to  mulli-locular,  rarely  I-  or  2-locular ;  plocentation  axile. 
Trees  or  shrubs,  rarely  herbs.  Rincipal  orders  i—Hyfericvai  {Hyperi- 
iHm\\GtiUifem{Clusia,CaTcituay,  CamtlUacea:  [TimslriBmia,  CameUia, 
Thea,  Caraipa,  Afarcgravia);  Diplavcarfacaz  {Dryaialanofs,  Diplera- 
carpus,  Sharea,  Vattriii). 

Cohort  III.  Carvophvllales.  Flowers  regular;  sepals  two  to 
five,  rarely  six  ;  petals  usually  as  many  as  sepals  ;  stamens  as  many  or 
twice  as  many,  rarely  more  or  fewer  ;  ovary  unilocular,  or  imperfectly 
2-  to  5-locular ;  placentation  free  centra!,  rarely  parietal  ;  ovules 
campylolropous  ;  embryo  nsually  curved,  in  a  floury  endosperm.] 

Order  I.  CARVOPKYLi.ACE.t.  (Figs.  524,  525.)  Herte,  very  rarely 
shrubs,  with  simple,  entire,  opposite  leaves,  springing  from  tumid  nodes, 
and  cymose  inflorescence.  The  flowers  are  regular  and  pentamerous  ; 
the  calyx  5-cleft  or  S-tooihed,  sometimes  of  J  distinct  sepals  ;  the 
corolla  of  J  distinct  petals,  which  are  often  deeply  bifid  ;  the  stamens 
10,  in  two  rows,  though  all  are  not  always  perfectly  developed,  the  five 
inner  ones  often  coherent  with  the  base  of  the  petals  ;  the  pistil  consists 
of  from  two  to  five  carpels ;  the  placentation  is  free  central,  from  ihe 
original  dissepiments  breaking  away  from  the  outer  wall  of  the  ovacj 
-before  maturity  ;  the  styles  are  free  and  equal  In  number  10  the  original  — 
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divisions  of  Ihe  ovaiy  ;  t[ic  fruit  a  capsule  deliisoing  with  teeth.  The 
seeds  have  a  floury  endosperm,  and  a  long  curved  embryo,  which  either 
entirely  tiurrounds  the  endQEperm  or  lies  on  one  side  of  it.  Some  species 
(Ecious,  diCECious,  or  polygamous,  from  the  abortion  of  pistil  or 
[Principal  genera  : — Agraslinima,  Siltne,  Lychnis,  Cucu^altts, 
I,  Sofeitaria,  Gyptophila,  DisntkuSy  CerasHum,  Stetlaria,  Art- 
,  AlHat,  Sprrgtila.^     With  the  exception  that  some  spedes  are 


i,  the  order  is  entirely  destitute  of  economic  properties ;  but 
many  are  grown  in  earuens  for  the  beauly  of  their  flowers. 

[The  only  olher  order  of  importance  belonEing  to  the  cohuTt  I» 
Fortulaioica  {ClayloHia,  Fmluliica,  Sauviiim,  Molliigo). 

Cohort  IV,   PoLYCALALES.     Flowers  regular  or  irregular;  scf 
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and  petals  five  each,  rarely  four  or  three  ;  slainens  as  many  a 
many  as  petals  ;  ovaiy  a-localar,  rarely  unilocular  or  more  ;  endo- 
sperm fleshy,  rarely  absenl.  Herbs,  shrubs,  or  trees,  with  exstipulate 
leaves.     Principal  order  Polygalaaa  {Pelygala,  Kramfria,  StciiriJaca). 

Cohort  V,  Parietales.  Stamens  definite  or  indefinite  ;  carpels- 
connate  into  a  unilocular  ovary  with  parietal  placenlation,  rarely  spari- 
ously  bilocular  or  more  by  the  prolongation  of  the  placcnlse  (carpda- 
occasionally  free  ;  ovary  occasiondly  3-locu]ar  or  more).] 

Order  1.  Papaverace.*.  (Fig.  526.)  Herbs  with  a  yellow  or  white 
latex.   The  sepals  are  two,  distinct,  deciduous  ;  the  petals  four,  arranged 


Chtlids 

in  two  whorls,  r^ular  [and  deciduous]  ;  the  stamens  indefioi' 
hypogynons ;  the  Ovary  uoilocular  or  spuriously  multilocular  ;  the  Seeds, 
with  a  small  straight  embryo  at  the  base  of  a  copious  endosperm  ;  the 
fruit  a  capsule,  either  bursting  into  two  valves,  and  resembling  a  siliqua 
(Pig.  526,  IL),  or  opening  by  pores,  four  to  twenty  in  nnmber,  situated 
beneath  the  peltate  stigma  (see  Figs.  333,  394,  313,  pp.  126,  144, 
150).  [Principal  genera:  —  Matyslanon,  Chelidanitim,  SatigHinaria, 
Papauer,  Eschsehtilaa,  Argemmic,  Glauaum,  Meconopsis,  Ramtria^ 
Among  officinal  products  of  the  order  are  the  foliage  of  the  latter 
celandine  ChiHiienmm  majus,  the  petals  of  the  common  poppy /"n/awT 
Rkiras,  and  the  dried  latex  of  the  unripe  capsules  of  the  opium-poppy 
Papavrr  somnifenim.  The  lafler  is  an  important 
I   from  Egypt,  Turkey,  [India,  and  China],  yielding  opium  and  laudini 
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Ordee  3.   Crucifer^.     (Figs.  527-530.)     Herbs  with  aUemale 
tipul  ate  leaves.  The  sepals  are  four,  usually  deciduous;  the  petals  four. 
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alleniate  witli  ibem,  arranged  in  a  cross,  and  usually  unguiculate  \  the 
stamens  sii,  litradynamous,  ihe  two  shorter  ones  belonging  tu 
whorl  and  opposite  to  the  carpels,  the  four  longer  ones  10 
and  attached  in  front  of  the  placenta:  (see  Figs.  stoo.  Z04i 
pp.  111,112).  Theovary  is  superior  ;  the  fruitas  a  rule  abilo- 
cular  capsule,  bursting  from  the  base  upwards  ;  if  it  is  several 
limes  longer  than  broad,   it  is  termed  a  sUiqua  {Fig.  52S, 
II.);  if  only  slightly  or  not  at  all  longer  than  broad  a  silituta 
(Fig.  527).     According  as  the  dissepiment  or  replum,  when 
,   occupies  the  shorter  or  longer 


^^^   lhi>r 

^^Kiameter,  the  ailiculn  Is  said  to  be  angustiscft,  as  in  the  shepherd's  purse, 
^^MfiBfiid!a  (Fig.  53a,  IL),  or  ialiseft  as  in  Camdina  (b'ig.  530,  III.).   Less 
^^■«flea  the  siliqua  splits  transversely,  forming  a /onra/um,  as  in  the  radish, 
^^^Jiaphanus  (Fig.  5JO,  iv,  ],  or  Che  firuit  is  a  schizocarp,  often  at  hrat 
^^BUlocular,  but  ultimately  unilocular  by  the  disappearance  or  perforation 
^     of  Ihe  dissepiment,  as  in  the  dyer's  woad/rorti  (Fig.  530,  i.J.  The  seeds 
are  cxalbuminous,  with  a  curved  embryo,  the  position  of  which  is  an  im- 
portant character  in  the  classiGcation  of  the  genera  belonging  to  the  order 
(see  p.  157).     [This  large  and  important  order  is  divided  into  several 

IBubonlers,  and  includes  a  large  number  of  genera,  of  which  Ihe  foU 
Rowing  are  the  more  important  :^ifatlkia!a,  Chtirantkul,  Nasturttum, 
ffariarai,  Araiis,  Cardamint,  Anailatua,  Luaaria,  Aubritlia,  Vaicariat 
'dlyisum,  Draba,  Cothlcaria,  Sthizopelalum,  Ifaferts,  Malcolmia, 
tS^rHirium,   ErysimHiii,  Braya,    Camdina,  Brassica,  Sinapts,  Sni- 


r 
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<astrum,  Diplalaxis,  Villa,  Capatla,  ft/nebttta,  Lepidium,  Megacarfat, 
Thlaspi,  /beris,  Ticsdalia,  Isaiii,  Myagnim,  Sunias,  Cramhf,  CaldU, 
E,nuar!a,  Rafhamis,  Dtnttiria,  AUiaria,  Ammracia,  Priiiglea.}  It 
furnishes  a  large  nomber  of  culinary  vegelables.  The  common 
cabbage,  BtasHca  oleracia,  is  ihe  parent-form  of  all  the  varielies,  as 
kohl-rabi.  savoy,  Brussels  sprouts,  broccoli,  cauliHower,  &c.  [the  two 
Tatter  forms  owing  their  peculiarity  to  a  suppression  of  the  floral  or^ns, 
and  an  abnormal  development  of  the  pedicels  of  the  inflorescence].  The 
seeds  of  other  species  contain  an  oil  known  as  rape-seed  oil.  The 
turnip  and  Swede  are  varieties  oF  Brassua  Napui.  Olher  culinary 
Epecies  are  the  wnter-cress  Nasliirtium  officinale,  and  the  gardeo-cresa 
Lfpidium  satrvum.  The  rhizome  of  Cochlearia  Amteracia  is  known  as 
horse-radish ;  the  root  of  Raphanus  satkius  is  the  common  radish ; 
■mustard  is  obtained  from  the  seeds  of  Sinapis  nigra.  [The  antiscor- 
butic properties  possessed  by  so  many  plants  belonging  to  this  order 
are  due  to  the  presence  of  a  principle  containing  sulphur.]  A  lat^ 
number  of  species  are  grown  for  Ihe  beauty  of  the  flowers,  among 
■others  the  so-called  '  rose  of  Jericho,'  Aniulalica  hierachiiiilua.  [The 
leaves  of  the  woad,  Isalit  tinctoria,  yield  a  bine  dye. 

[Order'^.  ViolacEjB.  Herbs  with  alternate,  usually  stipulate  leaves; 
corolla  of  5  uneijual  petals,  often  spurred  ;  slamens  5,  with  adnate 
anthers  and  often  prolonged  coimective.  Fruit  a  unilocular  3-TalTed 
capsule  with  3  psrietal  placent:e.  Several  species  are  purgative.  Prin- 
■cipal  genera; — Visla,  lanides,  Alsedeia.'l 

The  remaining  orders  of  importance  belonging  10  the  cohort  are 
Fumariacea  [HypicSum,  Dicmlra,  Fumaria,  Corydalis)  ;  CafpaHdia, 
iCleome,  Capfaris);  Restdacea  {Siseda);  Cistarta  {Cistus,  HeUim- 
tliemam) ;  Bixacere  {Bixa,  Coiklaspertniirrt,  Flia:ewtia). 

Cohort  VI.  Ranales.  Stamens  ahnost  always  indefiniie  i 
carpels  free  or  immersed  in  the  receptacle,  very  rarely  synearpous  i 
micropyle  usually  inferior  ;  embryo  minute  in  a  fleshy  endosperm.] 

Orrfm,RAm;NCULACE.«  (Figs.  531-533).  Herbs  with  alternate,  or 
less  often  shrubs  [with  opposite]  leaves,  exstipulate  and  oftea  divided  and 
semi-amplexicaul.  The  sepals  are  from  three  to  six,  [deciduous]  and  often 
petaloid ;  the  petals  from  4.  to  15,  arranged  in  one  or  more  rows, 
Isome  or  all  of  them]  often  small  and  assuming  the  form  of  nectaries 
^Fig.  533  111.)  ;  or  the  corolla  is  entirely  absent ;  the  stamens  free,  in- 
definite, and  hypogynous.  The  fruit  consists  of  an  indefinite  number  of 
one-seeded,  indehiscent  achenes,  each  representing  a  carpel  with  ib 
own  style  and  stigma  [Ranunculus,  Anfnione],  or  oF  several  follicles, 

capsules  opening  by  the  ventral  suture  only,  [Calthi     ~ 
s  more  rarely    a    one-   or 
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f  ifcerry  [Actea],     The  small  embryo  is  enclosed  in  h  copfon 
|..«idosperra.     fAmong  Ihe  more  imporlant  genera  of  this  lai^  order 


[C9  (nalumt  alu). 

e  CUmatis,  Tkaliclmm,  Aniuione,  Adonis,  MyesHrns,  Rauunculu!, 
''  Caltka,  Hydrasti!,  Trollius,  Helkborus,  Eranthis,  Nigella,  Aquikgia^ 
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monkshood  Aconitum  Napillus  (Fig.  533),  ihe  seeds  of  DeZ/Mniaiit 
Staphisagria,  and  the  foliage  of  Aiteiiione  Puhatilta.     Many  are  poi- 
sonous, as  the  vuious  species  of  ^/Mcnii  and  Aconiruni,  and  Ramteuha  J 
lickraiits  ;  and  a  large  nuniber  .ire  grown  as  ornamenl.il  plan 


;  I.  pan  of  plain  (natural  ii«) :  XL 
at:  ill.  flower (igaEnilicd),  ihc  coloured cafyx having bwa removed, 
'  Iwo  pelalEL  a  clevdrrpcd  inLO  nectaries  the  TcouuiuDg  peuk  bcinf 


[The  remaining  mote  important  otilers  of  the  cohort  are  MagnoUoita 
{MagneHa,  Liriodindren,  Drimys,  Illicium) ;  Anenacia  ( (fyariot 
Anona) ;  Mmispermacex  {Cissampelos,  Cxaitus,  Anamirta,  Jt&ni- 
tpermum);  Berheridis  {Btrberis,  Mahema,  Efimedium,  Palopiyllum)i 
Nymphisaccn  {Ntiphar,  Nymphza,  Vkteria,  Cabemba,  Ncliimbium^l 


R  WHICH    HAVE    TAKEN    PLACE    IN    ' 
r  THE  GLOBE   IN   THE  COURSE   OF  GEOLOGICAL 


CHAPTER   VII. 


THE  VEBE- 


Geology,  or  the  history  of  the  formation  of  the  earth,  proves 
that  the  distribulion  of  land  and  water  on  the  surface  of  the 
globe  has  not  always  been  the  same  as  it  is  now  ;  many  dis- 
tricts which  are  now  continents  were  at  one  time  seas,  and 
vice  versS.  The  main  agent  in  carrying  awaymasses  of  land 
from  one  spot  and  reconstnicting  them  in  another,  has  been 
water,  either  slowly  by  gradual  action,  or  suddenly  by  mighty 
convulsions.  Some  idea  may  be  conceived  of  the  extent  of 
this  agency,  from  the  reflection  that  the  mass  of  particles  in 
a  state  of  suspension  and  solution  which  the  river  Ganges 
now  carries  down  to  the  sea  every  year  is  equal  in  bulk  to 
seventy  pyramids  as  large  as  the  largest  of  the  Egyptian 
pyramids,  that  of  Cheops,  Wherever  tlie  substances  that  are 
carried  down  are  deposited  at  the  bottom  of  the  sea  or  in 
sea-basins,  strata  are  formed  which  at  first  fill  up  the  un- 
evenoesses  of  the  ground,  the  uppermost  layers  then  forming 
gradually  more  and  more  horizontal  deposits.  On  strata  of 
this  nature  already  in  existence  fi'esh  layers  of  different  sub- 
stances are  everywhere  deposited.  Such  a  stratification  of 
the  crust  of  the  globe  has  not  however  occurred  once  only 
or  a  few  times  at  one  particular  spot ;  but  at  almost  every 
place  where  the  surface  has  been  excavated  it  manifests  a 
structure  stratified  in  the  greatest  variety  of  ways. 

Nothing  is  more  natural  than  that  in  these  clianges  which 
have  taken  place  on  the  surface  of  the  earth,  multitudes  of 
plants'  should  have  become  enclosed  in  the  soft  depositi 

lunt  is  taken  in  [he  sequel  of  Ihe  pi 
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mud,  and  their  remains  preserved  m  the  rock  nhich  resulta^ 
from  the  hardenmg  of  the  mud  The  soft  and  delicate  | 
parts  could  not  be  perpet  nted  in  this  miuner  and  it  is  1 
foundin  fiLt  thit  onl    tl  e  harder  \  ^rts  I  ke  the  sood,  bark,  I 


and  fniits,  are  preserved  (i-ig.   534).      1  he  softer  pcfl 
have  been  more  or  less  quickly  decomposed  ;  although,  tindet  | 
specially  favourable  conditions,  there  has  been  some  preser- 
vation even  of  them.    The  delicate  parts,  for  example,  are  I 
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found  enclosed  in  amber,  and  even  in  diamonds,  or  have 
been  covered  up  by  the  hardening  mud,  and  have  at  least 
left  impressions  in  it,  from  which  the  form  aod  even  the 
species  can  be  recognised.  The  numberless  small  cavities 
— cells  and  intercellular  spaces — which  are  found  in  the 
substance  of  the  plant  are  also  not  unfrequently  filled  with  a 
fluid,  the  mineral  constituents  of  which — usually  silica — be- 
come gradually  solid,  and  thus  preserve  the  structure  of  the 
plant  in  a  fossil  form,  the  organic  parts  undergoing  decom- 
position. From  the  mode  in  which  these  impressions  and 
fossils  are  formed,  it  is  evident  that  they  can  be  found  only 
in  stratified  rocks.  The  number  and  systematic  position  of 
the  fossil  remains  obtained  in  this  manner  vary  greatly  in 
the  diSerent  superincumbent  strata  ;  but  are  subject  to  the 
following  general  rules  : — In  the  lowermost  and  consequently 
the  oldest  strata  no  remains  of  plants  now  living  are  found. 
In  the  higher  strata  are  found  gradually  more  and  more 
highly  organised  kinds,  and  more  nearly  allied  to  those  at 
present  existing ;  this  being  most  strikingly  manifested  in 
the  uppermost  or  most  recent  beds,  in  which  a  number  of 
fossil  plants,  or  their  impressions,  are  found,  which  belong 
to  our  existing  flora.  If,  indeed,  an  attempt  is  made  to 
form,  from  the  few  remains  at  present  found,  an  idea  of  the 
entire  vegetation — not,  perhaps,  of  the  whole  earth,  but  of 
those  regions  which  have  fiimished  most  material  for  ex- 
amination— the  result  may  not  diflfer  very  widely  from  the 
reality.  It  is  best  to  commence  with  the  oldest  strata,  from 
which  a  gradual  approach  may  be  observed  towards  the 
exisring  vegetation  of  the  earth. 

In  considering  the  variety  of  the  fossil  remains  in  tlic 
different  strata,  special  attention  must  be  paid  to  the  changes 
which  have  taken  place  in  the  climate  of  the  earth  in  the 
course  of  the  diflerent  geological  periods.' 

'  [In  his  dnera  it  Species  Plaiitamm  Fmsilium,  published  in  1850, 
linger  reckoneil  ihc  mimbcr  of  genera  and  species  of  fossi!  plants  known 
^'ttp  to  ihal  time  as  under: — Exogen.'i,  151  genera,  547  species     ~ 


KllVWIU  B 


p 

I 

I 


420  Structural  and  Physiological  Botany 

In  reference  to  the  relative  position  of  the  strata,  and  to 
the  fossil  remains  {chiefly  those  of  imimals)  found  in  them,  a 
number  oi geological  systems  are  distinguished,  which  are  again 
divided  inio groiipi. 

The  lowest  strata  of  the  Primary  or  Palmozoic  age  {i.e. 
the  period  of  the  oldest  living  beings) — vis.  the  strata  of  the 
Silurian '  system — contain  the  earliest  remains  that  have 
been  preserved  of  the  vegetable  world.  Only  a  few  marine 
AlgE  are  known  ;  but  others  may  have  altogether  perished, 
their  existence  being  indicated  only  by  the  occurrence  of 
carbonaceous  or  bituminous  limestone. 

In  the  Devonian  system  the  number  of  species,  genera, 
and  families  has  greatly  increased.  In  addition  to  a  con- 
siderable number  of  Algse,  the  first  land-plants  have  made 
their  appearance.  They  consist  almost  entirely  of  the  re- 
mains of  Vascular  Cryptogams,  with  a  few  CycadcEe  and 
Coniferse.  The  aspect  of  this  period,  as  also  of  that  next 
in  succession,  must  have  been  extraordinarily  uniform  and 
monotonous ;  but  vegetable  life  had  extended  over  the  sur- 
face of  the  earth  in  a  variety  and  luxuriance  of  forms  far 
surpassing  our  existing  vegetation. 

In  the  Carhoiiifcrotis  period  Ferns  attamed  a  special  de- 
velopment. We  find  lofty  trees  or  shnibs  with  multipinnate 
leaves  several  feet  in  length,  forming  magnificent  groups  of 
plants,  in  the  shade  of  which  other  smaller  species  grew 
as  iraderwood  (Figs.  540-542),  Among  the  largest  forms- 
of  which  these  forests  were  composed  were  certain  Lyco- 
podiaceje — to  which  nothing  now  existing  is  comparable 
— known  as  Sigillaria  and  Lepidoderulra  (Figs.  535-559). 

?^^  43  genera,  142  species ;  Gymnosperms,  56  genera,  363  spedcs  j 
Cryptogams,  15a  genera,  1,172  species;  Doubtful,  35  genera,  197 
■species.  Since  that  time  the  number  of  both  genera  and  speeies  has  been 
■-nomiously  increased,  especially  hy  the  additions  to  the  Tertiary  flora 
made  by  Heer  and  Eltingshausen. — Ed.] 

'  ^Geologists  now  dislingiiish  the  oldest  siralified  beds  from  the 
superimposed  Silurian  ns  Ihe  LaunnliitH  and  CaiHirian  syslcnts.  Thcg 
'    *   ■  fewrem^nsof  oi^niclife,— Ed.] 
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had  a  coUimnar  unbranched  stem,  so  metres  in 
rising  from  a  square  base  i  metre  in  diameter, 


T^ 


coal-beds  of  Bohem 


ilem  of  LtftidndindroH,  fron 


ttiie  bark  being  covered  with  a  number  of  longitudinal  rows  ol 
diamond- shaped  leaf-scars  ;  [and  it  is  now  generally  believei 
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that  the  fossils  known  as  Stigmaria,  and  formerly  regarded  a 
a  distinct  plant,  are  in  reality  the  roots  of  Sigillaria.]     Th 


I 


Fig.  sto.—AKiulann/crtilii  Fio.  n\.—S/htnepliyllun 

Lepidodendra,  on  the  other  hand,  had  much -branched  stems, 
30  or  more  metres  in  height,  and  4  metres  in  girlh,  and 


^ 


'  also  beautifully  marked  with  scars.  Associated  with 
these  were  gigantic  EquisetaceK  known  as  Calamites,  of 
which  those  now  existing  are  as  dwarfish  representatives 

tas  the  Lycopodia  are  of  the  SigillariK  and  Lepidodendra. 
There  existed,  however,  also  in  those  forests— the  true 
primeval  forests  of  the  earth — herbaceous  plants  (Ferns), 
^ch  as  Anniilaria,  Asterophyllum,  and  Spenophyllum,  as 
Srell  as  some  Monocotyiedons,  Cycadese,  and  Coniferje  ;  and 


\  the  number  of  species  was  quite  considerable, 
igillarije,  Lepidodendra,  Calamites,  Asterophyllites,  and 
ssibly  also  the  Tree-ferns,  attained  in  this  formation  their 
maximum  development ;  in  the  succeeding  one  their  number 
diminishes.  In  connection  with  other  plants,  and  perhaps 
also  with  sea-weeds,  they  form  the  valuable  deposits  of  coal. 
In  this  form  they  have  undergone  sometimes  mote,  some- 
.  times  less  change,  no  trace   of  their  vegetable  structure 
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often  remaining,  while  the  accompanying  beds  of  earth 
receive  their  impressions,  and  preserve  a  correct  image  ol 
them.  It  frequently  happens,  however,  that  entire  stems 
have  become  fossilised  (Fig.  534,  p.  41S),  and  still  show  their 
cellular  structure  in  a  wonderfully  beautiful  manner.  We 
have  no  knowledge  of  the  length  of  time  during  which  the 
Carboniferous  period  lasted;  but  if  it  maybe  estimated  from 
the  thickness  of  the  deposits  of  coal,  many  authorities  would 
place  it  at  millions  of  years. 

It  is  impossible  to  suppose  that  deports  of  eoal  occurred  only  in 
the  Carboniferous  period  ;  they  are  found  in  alinost  nil  strata  higher 
in  the  series,  but  in  a  ditferent  foim.    In  the  uppermost  we  find  piat,  the 
coal-formation  of  the  present ;  below  it  is  lignite  or  brown  coal,  bear- 
ing sometimes  a  greater  resembliuice  to  peat,  sometimes  to  the  true  coal 
which  lies  beneath  it.     The  oripn  of  the  latter  from  peat  is  therefore 
not  improbable,  and  in  some  cases  is  unquestionable.     The  mode  of 
formation  of  peat  must  therefore  tie  Sr^t  mvestigated.    Wlien  AJgre  and 
other  plants  grow  undisturbed  in  perfectly  st^nanl  water,  to  the  bottom 
of  which  they  fall  quietly  as  they  decay,  the  layer  of  organic  matter 
thus  formed  grows  gradually  thicker  and  thicker  ;  the  reeds,   rushes, 
sedges,  and  Equiseta  retreat  from  the  shore,  the  dense  matting  of  their 
roots  gradually  advancing    farther  and  farther  on    the  muddy  soil. 
Every  year  the  dead  leaves  sod  stems  of  the  water-lilies,  water-Ranun- 
culi, Potamogcta,  and  Lemnx  fall  to  the  bottom  ;  the  moss  of  v^etable 
remains  and  the  roots  and  rhizomes  which  penetrate  among  them  be- 
come denser  and  denser,  and  more  and  more  space  is  constantly  taken 
from  the  water,  until  at  length  a  densely  interwoven  substance  results, 
resting  on  a  soft  layer  of  mud.     Sphagna,   Eriophora,  marsh  trefoil, 
Vaccinia,   and  other   plants,    establish   themselves   on   this  unstable 
foundation.     The  v^etable  remains  covered  in  this  way,  and  protected 
I   against  the  action  of  the  air,  still  decay,  but  not  so  completely  ;  they 
:ontinualIy  losing  oxygen,   hydrc^n,  and    nitn^;en,    while   the 
I   carbon  accumulates.     The  mass  is  also  increasing  upwards  ;  for  long 
I  after  the  lower  parts  of  the  bog-mosses  {Sphagna)  which  take  an  es- 
pecially important  part  in  these  processes  have  died  off,   the  upper 
I  parts  still  maintain  a  vigorous  life,  drawing  up  the  water  from  below 
[  like  a  sponge.     The  substructure,  which  was  at  fii^t  very  soft,  becomes 
I  therefore  gradually  denser  in  the  coarse  of  time,  until  at  last  %^-naptat- 
19  farmed  beneath  the  superRcial  vegetation.     The  groimd  is  bow- 
constantly  kept  moist  by  the  peat,  and  a  luxuriant  vegetatiaa  fa 
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Aence  developed  on  it,  fed  by  the  abundance  of  food-moterial  which  it 
contains.     As  soon  a^  it  becomes  finner,  trees  and  shrubs,  willows, 
alders,  and  buckthorns,  spring  up  on  it,  and  finally  also  coniTers  ;  but 
the  life  of  these  larger  plants  is  as  a  rule  somewhat  limited  ;  and  when 
I  they  are  blown  down  by  the  wind  or  fall  by  their  own  weight,  the  peat- 
is  grows  over  them,  and  in  the  course  of  years  they  become  entirely 
I   covered  up  by  it.     There,  encluded  from  the  action  of  the  air,  they  do 
[  not  decay,  the  slruclure  of  their  wood  being  retained  perfectly  for  cen- 
[  tnries.     This  is  the  mode  in  which  peat  is  formed. 

Even  in  lignite  the  rcioains  of  plants  can  be  abundantly  recogniiied. 
\  This  is  less  the  case  in  true  coal,  and  scarcely  at  all  in  anthracite,  the 
1  liardeBt  coal  with  most  of  a  mineml  character,     ll  is  ollen  possible  to 
I  determine  the  plants  which  have  contributed  to  the  formation  of  coal 
1  only  from  the  fossils  and  impressions  found  in  the  accompanying  beds 
I  iA  earth.     The  exclusioa  of  the  atmosphere,  and  the  pressure,  oflen 
,  which  beds  of  peat  that  have  been   flooded  and  buried 
I  beneath    the  surface  have  had  to  sustain  from   the  superincumbent 
I  layers  of  earth,  explain  their  transformation,  first  into  lignite  and  then 
coal.     In  many  beds  of  coal,  as  for  instance  those  of  Siiesia, 
their  origin  from  layers  of  peat  is  sufficiently  evident  ;  in  others  this 
explanation  does  not  seem  to  apply,  and  we  must  assume  that  drift- 
wood has  been  the  source  from  which  they  were  formed.     Even  at  the 
1   present  time  the  gigantic  rivers  of  America  tear  down  from  their  tianks 
L^AOd  carry  away  trunks  of  large  trees  ;  and  when  these  trunks  have 
Ibecome  completely  saturated  by  water,  they  are  left  behind  by  the 
Jcnrrent,  and  sink  either  in  an  inland  lake,  at  the  mouth  of  the  river,  as 
n  the  Mississippi,  or  in  Ihesea  as  drift-wood,  and  thus  form  immense  de- 
B^msits  which  may  very  easily  be  transformed  into  coal.    But  these  trunks 
In  some  trsos  ot  their  journeyings,  and  must  be  intermixed 
^'Wilh  the  remains  of  water-animals,  and,  when  the  deposition  takes 
ilace  in  the  sea,  ol  marine  plants.    These  phenomena  are  in  tact  ob- 
I  in  many  of  the  coal-forraationa  of  north  Germany,  the  produc- 
■  tion  of  coal  having  taken  place  in  the  manner  already  indicated.     The 
l^ibrmation  of  coal  from  the  deposition  of  successive  layers  of  plants  in 
Imeval  forests  is  very  improbable. 

It  is  remarkable  that  after  the  Carboniferous  period  the 

ixuriance  of  vegetation  appears  to  have  diminished.     As  if 

■the  earth  were  already  exhausted,  one  fonn  after  another 

Bnof  the  existing  vegetation  disappears  ;  and  in  the  Permian 

cries,    only   the    lower  strata,   the    New   Red   Sandstone^ 
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contain  any  quantity  of  plants,  and  then  chiefly  in  a  silicifiei  \ 
state.  The  Magnesian  Limestone  which  rests  upon  it  con- 
tains but  very  few  vegetable  remains.  The  Permian  has 
only  one  form  in  common  with  the  lower,  and  only  a  few 
with  the  upper  strata  of  the  Carboniferous  system.  The 
prevalent  forms  are  still  Sigillaria,  Calamifes,  Ferns,  Lepi- 
dodendra,  &c. ;  but  in  addition  are  found  Paims  and 
CycadeEG,  the  latter  order  attaining  here  their  maximum 
development. 

A  different  vegetation  characterises  the  Secondary  or 
Mesozoic  strata.  The  forms  characteristic  of  the  Palieozoic 
beds,  SigillanK,  Lepidodendra,  and  Asterophyllites,  disap- 
pear, and  others  make  their  appearance  which  bear  a  greater 
resemblance  to  those  of  the  present  day.  The  Conifenae 
began  in  the  Devonian,  attained  a  maximum  in  the  Carboni- 
ferous, and  again  diminished  in  the  Permian  sysCi 

In  the  lowest  system  belonging  to  the  Secondary  stratBt 
the  Trias,  Coniferas  must  have  formed  the  main  part  of  the 
forests  ;  while  of  Cryptogams,  so  largely  developed  in  the 
lower  rocks,  only  Ferns  remain,  those  however  belonging  to 
new,  and  partly  to  peculiar  and  highly  developed  genera. 
The  chief  forms  of  Coniferse  in  these  forests  were  species  of 
Voltsia  (Fig.  543)  and  Alberiia.  The  former  were  loft^ 
trees,  not  unlike  our  Cryftomeria,  while  the  latter  had  broad 
leaves  penetrated  by  delicate  longitudinal  veins.  With 
them  are  associated  certain  Cycadese  {Zamites,  Figs.  545, 
546)  and  water-plants,  as  well  as  Calamiles  with  verticiUate 
leaves,  andgiganticEquisetacete,  which  mayhave  clothed  the 
margins  of  the  sheets  of  water.  Of  the  three  well-characterised 
sections  into  which  the  Trias  is  divided,  the  lowest  or 
Banter  Sandstein  contains  but  few  vegetable  remains,  die 
middle  or  Muschelkalk  scarcely  any,  and  the  uppermost  or 
Kejiper  only  a  few.  The  flora  of  the  Trias,  in  its  gigandc 
Terns  and  peculiar  Conifers,  bears  a  greater  resemblance  to 
that  of  New  Zealand  than  of  any  other  country  at  the  pr^ 
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The  uniformity    of  vegetation  characteristic  of  the  Carbo- 
niferous is  still  more  marked  in  the  Triassic  system. 

Next  in  succession  above  the  Trias  is  'ia.z  Jurassic  sys- 
tem, which  again  is  divided  into  three  sections,  the  Lias,  and 
the  LowtT  and  Upper  Oolite.  The  fossil  remains  found  in  this 
formation  lead  to  the  conclusion  that  the  marme  plants  of 
the  Lias  did  not  differ  essentially  from  those  of  the  present 
itime  in  their  external  appearance,  although  the  species  may 
I  have  been  very  dissimilar.  The  case  is  different  with  the 
terrestrial  vegetation,  in  which  we  still  find  a  considerable 
coincidence  with  that  of  the  Keuper.  The  prevalent  forms 
in  the  forests  consisted  of  Cycadere,  of  which  fifty-ei^t 
species  have  been  described.  From  this  point,  this  beau- 
tiful fonn  of  vegetation,  which  in  regard  both  to  its  habit 
and  to  its  morphological  and  anatomical  structure  occupies 
an  intermediate  position  between  the  Ferns,  Palms,  and  Coni- 
fers, decreases,  only  a  few  species  existing  at  the  present 
time.  With  these  were  associated  numerous  Con ifene  nearly 
related  in  fonn  to  our  Araumrias  ^nd  Tliujas.  The  under- 
wood of  the  forest  still  consisted  of  Ferns,  along  with  fleshy 
Fungi.  The  marsh-loving  Calamites  have  disappeared,  and 
the  EquisetaceK  of  that  period  scarcely  exceeded  our  own 
in  size.  Plants  alhed  to  Typhacefe,  Naiadese,  Cyperaceae,  and 
Juncace^e,  fringed  the  edges  of  the  vrater.  This  sketch  gives, 
however,  only  an  imperfect  idea  of  the  vegetation  of  that 
system  ;  for  its  coal  shows  that  in  magnitude  it  must  have 
resembled  that  of  the  Carboniferous  period.  The  vegetation 
of  the  Lower  Oolite  presents  no  great  difference  from  this. 
A  number  of  sea-weeds  have  been  preserved ;  the  earlier 
forms  of  Ferns  and  Cycadeie  disappear,  and  others  take  their 
place  more  nearly  related  to  those  of  the  present  time.  The 
flora  of  the  Upper  Oolite  does  not  include  any  marine  plants, 
only  a  single  freshwater  Alga,  and  in  other  families  also 
fewer  forms  than  the  Middle  period.  There  would  seem  to 
have  been  an  exhaustion  of  the  earth  similar  to  chat  which 
ipparently  succeeded  the  Carboniferous  period. 


Palisophytclogy. 

In  the  Cretaceous  system  appear  the  first  dicoiyle- 
donous  trees.  The  lowest  strata  contain  mostly  marine 
plants,  sea-weeds  and  sea-grasses,  with  a  few  trunks  of  a 
species  of  cypress  which  floated  on  the  sea  in  the  form  of 
drift-wood.  The  fossil  remains  of  the  Middle  Cretaceous  are 
much  richer.  The  Cycadere  diminish  in  numbers  ;  but  in 
their  place  appear  the  first  exogenous  Mets,  Jiig/andiles  and 
Acerites,  related  to  our  walnuts  and  maples.  Among  the 
Ferns,  which  had  hitherto  formed  almost  the  entire  under- 
growth of  the  forests,  rose  shrubs  allied  to  our  willows  ; 
alders  and  horn-beams,  Alniies  and  Carpimtes,  attained  the 
size  of  trees ;  and  we  find  also  allies  of  our  Myrica  or 
sweet-gale.  We  have  no  certain  knowledge  of  the  existence  of 
herbaceous  Monocotyledons  ;  but  certain  impressions  which 
bear  a  resemblance  to  lilies  or  gingers  make  it  probable. 
The  marine  and  littoral  plants  of  that  system  are  similar  in 
essential  points  to  those  of  the  Lower  Cretaceous,  The 
Upper  Cretaceous,  including  the  Chalk,  affords  only  a  very 
few  vegetable  remains,  and  those  entirely  of  Algae. 

The  lowest  of  the  Tertiary  or  Cainosoie  rocks  are  the 
Eocene.  In  this  penod  dicotyledonous  trees  first  begin  to 
contest  the  supremacy  with  Cryptogams  and  CycadeK,  and 
the  entire  outward  form  of  the  vegetation  approaches  that  of 
our  time.  The  lowest  strata  of  this  system  furnish  a  marine 
flora  consisting  of  sea-weeds.  This  is  succeeded  by  a 
beautiful  littoral  flora,  with  Equiselacese,  Characese,  and 
Naiadeie.  Land-plants  finally  appear  ;  and  among  these 
palms  are  especially  conspicuous,  and  with  them  bananas, 
MyrtaceK,  Laurace^,  and  other  exogenous  and  coniferous 
trees,  which  must,  according  lo  our  present  knowledge,  have 
belonged  to  a  tropical  climate.  Remains  of  the  Ferns, 
Cupressineffi,  and  Cycadeie  belonging  to  this  system  have 
been  found  in  Greenland  in  70°  N,  lat  We  know  of  no 
country  at  the  present  time  which  affords  a  similar  grouping 
of  plants  to  the  flora  of  the  Eocene  formation,  taken  as  a 
whole.      That   of  the    basin   of  the   Mississippi    probably  . 
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presents  the  greatest  similarity  to  it ;  but  there  are  also 
points  of  resemblance  to  those  of  California,  New  Zealand, 
and  Australia. 

The  next  systems,  the  Miocene  and  Pliocene,    are    se- 
parated somewhat  arbitrarily  from  the  preceding  and  from  one 
another,  if  the  floras  only  of  the  formations  be  considered  ; 
the  transition  from  one  to  another,  and  from  these  to  the  pre- 
sent, being  quite  gradual     We  find,  the  higher  we  ascend  in 
the  Tertiary  strata,  an  increasingly  greater  number  of  forms 
which  indicate  a  cooler  chmate.     The  tropical  plants  gradu- 
ally disappear,  and  are  replaced  first  by  subtropical  forms, 
and  then  by  those  adapted  to  a  temperate  climate.     Especi- 
ally in  the   Middle  Tertiary  or  Miocene  system  we  find 
L  large  masses  of  carbon  deposited  in  the  earth  in  the  form  of 
I  beds  of  '  brown  coal '  or  lignite.     It   is  evident    that    the 
[  German  deposits  of  lignite  are  almost   entirely  composed 
of  the  remains  of  Conifers  ;  while  m  the  marls,  the  sandy, 
loamy,  and  atgillaceous  strata  which  accompany  the  lignite, 
a  number  of   the   impressions    of  exogenous   leaves   are 
I    always  found.     But  these  coniferous  forests  did  not  exhibit 
I  a  dull  uniformity,  as  is  the  case  with  those  of  the  present 
I  time  ;  there  was,  on  the  contrary,  an  abundant  and  cheerful 
'    variety   of  forms,  as   is  seen   even  now  in  the  forests  of 
Canada  and  Asia,  though  not  to  so  great  a  degree.     There 
roust  also  have  been  enormous  quantities  of  resin  exuded 
by   some   of   these    trees,   genera  resembling    Thuja    and 
Cupressus,  the  preserved  stores  of  which  are  eagerly  sought 
for  ;  this  resin,  hardened  by  external  conditions,  being  now 
Imown  as  amber.      In  addition   to  the   Coniferse   already 
mentioned,  we  find,  in  what  appears  to  be  near  the  close 
of  the   Tertiary  period,  that  the  forests  of  northern   and 
central  Europe  consist  largely  of  dicotyledonous  trees — oaks, 
beeches,  birches,  alders,  and  willows.     Plants  belonging  10 
the  Primulaceffi,  Scrophulariacefe,  Crassulacea;,  and    other 
existing  orders,  sprung  from  the  ground  beneath  the  trees, 
covered  with  moss  and  fungi,  and  adorned  with  Rhododen- 
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drons,  Azaleas,  and  other  beautiful  brigM-coloured  Ericaceae. 
Species  of  honeysuckle  formed  bushes  or  climbed  up  the 
trees,  on  which  grew  parasitic  plants  allied  to  our  mistletoe. 
In  Italy  are  found  the  remains  of  species  of  Salisburia  and 
Liriodendron,  the  allies  of  which  now  grow  only  in  Japan  and 
South  America.  Many  species  of  these  recent  formations 
probably  exist  to  the  present  day.  Up  to  the  year  1853, 
Goeppert  had  described  the  remains  of  i6z  plants  belonging 
to  64  genera  preserved  in  amber  ;  30  of  these  he  recog- 
nised with  certainty  as  belonging  to  the  present  time, 
while  others  do  not  admit  of  a  perfect  identiiication. 

The  Post-pliocene,  Pleistocene,  or  Alluvial  formation  in- 
cludes deposits  believed  to  be  formed  immediately  before 
the  historic  period.  It  is  to  these  strata  that  the  remains  of 
the  mammoth,  mastodon,  and  other  gigantic  animals  belong ; 
but  the  number  of  species  of  plants  found  is  only  small, 
and  these  have  only  been  partially  determined  with  certainty. 
How  unequal  has  been  the  preservation  of  the  remains  of 
this  period  is  shown  by  the  circumstance  that  our  only  source 
of  knowledge  of  the  existence  at  that  time  of  our  pines  and 
arbor-vitas  is  the  fact  that  the  remains  of  food  found  in  the 
hollow  teeth  and  stomachs  of  mastodons  which  had  become 
enveloped  in  ice  belong  to  these  plants. 

From  these  Alluvial  formations  we  pass  to  the  present 
age,  with  its  forests,  meadows,  steppes,  deserts,  seas,  lakes, 
and  marshes,  each  of  which  has  its  peculiar  flora  and  its 
special  physiognomy.  Among  the  endless  variety  of  species 
of  plants  by  which  this  latter  is  determined  there  are  a 
certain  number  of  leading  forms  which  arrest  the  atten- 
tion of  the  observer.  Among  these  are  Hymenomyceti 
Fungi,  Lichens  and  Algse,  Mosses  and  Lycopodiacere,  Ferns 
and  Equisetacese,  Coniferte,  Cycadefe  and  Palms,  Grasses, 
bulbous  plants,  Agavese  and  Aloinere,  ScitamineJe  and 
Musacete,  Aroideae,  Orchidese,  lianes,'  Casuarinaceas,  willows. 
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Cupuliferte,  Encacere,  Myrtaces,  MelastotnaceK,  Lauracerei, 
Compositfe,  Umbellifene  [Labiate,  Cruciferie,  Primulaceie], 
Cactacesc,  arborescent  EuphorbiaceEe,  [ M esem bryaothe- 
maceie],  [figs],  MalvaceK,  Mimosese,  and  Nymphseact 


CHAPTER  VIII. 


Botanical  Geography  treats  of  the  distribution  of  plants 
on  the  surface  of  the  earth  ;  it  collects  the  plants  of  any  par- 
ticular country  into  a  Flora,  and  investigates  the  causes. 
operating  either  at  the  present  time  or  in  the  past,  which 
have  led  to  each  species  acquiring  its  special  habitat,  and 
have  resulted  in  only  a  few  plants— termed  cosmopolitan — 
becoming  distributed  over  the  whole  globe,  or  even  over  a 
(  large  part  of  iL' 

The  earth  docs  not  everywhere  produce  ihoae  plants  which  ore 
especially  adapted  to  esch  particular  r^on.  If  ihis  had  been  the  case, 
the  same  species  would  be  constantly  met  wilh  in  widely  separated 
countries  that  enjoy  a  similar  climate,  and  no  innnigmtion  of  foreign 
plantE  would  take  place,  such  as  ofien  happens  before  our  eyes.  Each 
species  hss,  in  fact,  become  disseminated  only  at  particular  spots  ;  it  haft 
ils  centre  of  distribution  si  the  spot  from  whence  it  originally  sprang  ; 
but  the  limits  of  these  centres  are  often  obscure,  because  plants  have 
found  conditions  suitable  for  their  existence  outside  these  bounds,  sod 

feebly  represented  by  our  grape-vine,  ivy,  hop,  honeysuckle,  [Convol- 
vulus], &c. 

I  The  phyto-gcoEraphical  map  at  the  end  of  the  volume  roust  be 
consulted  in  connection  with  this  cliapler.  It  Indicates  the  boundaries 
of  the  twenty-four  phyto-Eeographical  regions  adopted  by  Griscbttch  in 
his  'Vegetation  der  Erde,'  each  region  being  coloured  aniformly.  The 
regions  of  a  more  generally  wooded  character  are  coloured  green  and 
dark  blue,  the  steppes  and  deserts  yellow  and  red,  while  those  regions 
which  have  no  special  character  of  their  own  are  of  some  other  c<uoui. 
[The  statements  of  Grisebach — on  whose  work  the  whole  of  this  chapter 
isfounded— aresomewhat  toonnqnalified,  both  with  regard  to  the  boun- 
daries between  the  r^ons  and  to  the  characters  which  distinguish  them 
from  one  another.—  Ed.] 
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have  flius  occnpied  mote  and  mort;  ground  by  migration.      All  plan 
are,   however,  not   equally  capable   of  migration  ;   if  this 
case,  the  strongest  would  everywhere  have  replaced  the  teat,  anti  han 
occupied  tbe  whole  of  die  space  devoted  to  vegetation.     The  uiilimit^ 
distribution  of  plants  is  also  prevented  by  seas,   deserts,   moun 
chains,  difTerences  of  climate,  and  even  by  the  existence  of  other  p 


imals. 


A  natural  lloru  results  from  the  interchange  of  a  number  of  font 
belonging  to  different  centres  of  vegetation,  and  their  union  into  a  whole 
with  definite  characters.  The  limits  of  such  n  fiora  are  determined 
by  clunate,  or  by  the  hindrance  to  the  distribution  of  species  afforded 
by  a  broad  ixssa  or  other  obstacle  ;  and  these  floras  are  the  more  natural 
the  more  sharply  they  are  defined,  and  the  less  their  aboriginal  inhabi- 
tants have  mingled  with  immigrant  forms.  The  most  effectual  hindrance 
to  this  inlerminglmg  is  presented  by  the  ocean.  Almost  as  completely 
Ihe  great  Sahara  separates  the  flora  of  tropical  Africa  from  that  of 
the  Mediterranean  region  ;  and  the  forest-region  of  equatorial  America 
is  an  insurmountable  obstacle  to  the  migration  of  the  native  plants  of 
the  grassy  plains  of  Veneiuela  and  Braiil.  The  chief  factor,  hower 
in  the  separation  of  floras  is  difference  ii 

The  comparison  of  different  floras,  and  of  the  regions  to  whin 
they  belong,  brings  out  the  law  that  the  species  of  a  genus  o 
genera  of  an  order  are  the  more  nearly  related  to  one  another— in 
words  more  closely  resemble  one  another — the  less  the  distance  between 
their  centres  of  distribution,  or  the  more  similar  the  climates  of  these 
centres.  It  is  scarcely  possible,  for  example,  to  have  greater  diflerei 
of  climate  than  those  which  subsLit  between  the  base  end  the  si 
lofty  mountains  ;  and  yet  the  v^etable  productions  of  the  u 
vated  regions  not  unfrequenlly  bear  the  closest  systematic  relations! 
to  those  of  the  warm  valleys  out  of  which  the  n 
nomenOQ  which  su^ests  Ihe  supposition  that  the  plants  of  the  heighis 
have  ascended  from  the  valleys,  and  have  adapted  themselves  to  (he 
new  vital  conditions  as  far  as  was  necessary  to  their  perpetuation.  But 
the  transiticms  from  one  species  to  another  which  might  be  expected 
in  Ihe  gradually  ascending  mountain  regions  are  most  commonly  w 
ing  ;  the  Alpine  species  make  their  appearance,  and  those  of  the  plains 
disappear,  suddenly,  at  particular  elevations.  Contiguity  of  locality 
is,  however,  encept  in  the  tase  of  mountain -ranges,  usually  accompanied 
by  resemblance  in  climate.  But  there  are  also  resemblances  ofcl 
without  geographical  contiguity  ;  and  allied 
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widely  separated  regions,  if  their  climate  is  similar, 
famished  by  the  beechfi 
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'and  the  Slraits  of  Magellan,  and  by  the  heaths  of  the  Cajie  of 
Hope  aiid  of  western  Europe. 

QC  of  the  main  problems  of  phyto-geogrophy  is  ihe  iaves- 
tigalloQ  of  the  niean«  by  which  a  plant  ensures  its  enislcnce,  a  physio- 
It^ical  system  may  be  contrived,  according  to  the  plan  proposed  by 
Humboldt,  in  which  those  organs  of  a  plant  which  serve  for  the  main- 
tenance of  its  life — in  other  words  its  habit — are  first  taken  into  siccounl ; 
these  chamclers  determining  to  a  great  extent  the  natural  featum  of 
the  vegetation,  A  certain  connection  can  indeed  usually  be  recognised 
between  the  externa)  form  of  the  vegetation  and  t)ie  climatal  conditiool 
which  determine  its  geographical  distribution.  On  this  plan  the  vege- 
table liingdom  may  be  divided  into  the  seven  following  classes  : — 
1.  Woody  plants  ;  z.  Succulent  plants,  such  as  (he  cacti ;  3.  Climbing 
plants  (lianes)  ;  4.  Parasites  or  epiphytes,  like  the  mistletoe  ;  5.  Her- 
tiaceous  plants ;  6.  Grasses  ;  7.  Cellular  plants  ;  and  each  of  these 
groups  may  be  divided  into  a  greater  or  smaller  number  of  sections. 

In  order  to  obtain  an  idea  of  the  entire  vegetation  ol 
the  globe,  the  surface  of  the  earth  has  been  divided  by 
Grisebach  into  twenty-four  natural  floras,  or  regions  of  %>egc- 
laiion.  Each  of  these  floras  is  again  subdivided  into  zones, 
ihe  phyto-geographical  character  of  which  is  detennined  by 
its  elevation  above  the  sea-level ;  a  succession  of  zones  being 
thus  obtained,  until  at  length  the  line  of  perpetual  snow 
sets  a  limit  to  almost  all  vegetable  life. 

The  determining  conditions  and  the  actual  boundaries 
of  these  floras  are,  however,  at  present  but  iinperfecfly 
known,  [and,  indeed,  any  such  division  must  be  considered 
as  very  inadequately  representing  the  endless  variety  and 
complexity  of  nature.  In  all  such  classifications  there  is  a 
definiteness  and  sharpness  of  outline,  which  is  really  an 
inherent  logical  defect  of  all  classifications  of  natural 
phenomena,  rather  than  a  representation  of  anything  thai 
has  an  exact  counterpart  in  nature].  The  districts  charac- 
terised by  the  occurrence  of  similar  forms  and  often  identical 
species,  occupy  as  a  rule  lower  zones  of  elevation  with  an 
increase  in  the  latitude  [north  or  south],  and  advance  &ora 
elevated  regions  in  lower  latitudes  to  less  elevated  regions 
higher  latitudes.    Thus  a  number  of  species  of  the  SwiB 
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and  Italian  Alps  occur  at  a  much  lower  elevation  on  the 
mountains  of  Norway  and  in  Lapland  ;  and  plants  found 
above  the  snow-line  on  Mont  Blanc  belong  also  to  the  Arctic 
flora.  The  floras  of  mountain  and  of  Arctic  regions  nei 
theless  exhibit  some  considerable  differences. 

At  the  base  of  the  mountains  of  the  equatorial  zone,  fr 
the  sea-coast  to  the  height  of  about  630  metres,  the  extern! 
conditions,  and  therefore  also  the  character  of  tlie  vegeta- 
tion, are  similar  to  those  of  the  plains.  This  is  the  zone  of 
palms  and  bananas.  It  is  followed,  as  far  as  a  height  of 
1,300  metres,  by  the  zone  of  tree-ferns  and  figs.  In  India 
these  lofty  trees  are  covered  by  multitudes  of  PiperaceK, 
Aroideas,  and  Otchideas.  In  the  islands  of  the  southern  ocean 
the  figs  are  replaced  by  arborescent  Urticacefe;  and  the 
valuable  Cinchouese  are  characteristic  of  the  South  American 
region.  In  the  zone  of  myrtles  and  laurels,  which  suc- 
ceeds as  far  as  a  height  of  i,goo  metres,  trees  with  thick 
shining  leaves  are  predominant,  Myrtacefe,  Camelliace^, 
Magnoliaceffi,  and  others  ;  but  the  Acacias  and  Ericaceffi 
also  attain  here  their  maximum  development,  and  evergreen 
oaks  are  very  abundant.  The  laurels  occur  especially 
towards  the  upper  limit  of  this  zone,  and  are  found  also 
abundantly  in  the  next,  that  of  evergreen  trees,  which 
tends  from  about  1,900  to  2.500  metres.  Next  comes 
zone  of  trees  with  deciduous  foliage,  which  extends  to, 
height  of  about  3,200  metres,  and  under  the  tropics 
only  on  the  elevated  plains;  and  a  luxurious  arborescent 
exogenous  vegetation  scarcely  reaches  beyond  2,800  metres. 
At  this  point  a  variety  of  Coniferse  make  their  appearance, 
such  as  with  us  are  intermingled  with  the  exogenous  trees. 
From3,2oo  to  3,800  metres  is  the  zone  of  Coniferae.andfrom 
that  to  4  500  metres  tliat  of  Rhododendrons.  Lofty  trees  now 
disappear,  and  are  replaced  by  luxuriant  meadows  and  pas- 
tures, among  the  brilliant  herbaceous  vegetation  of  which 
Rhododendrons  and  Azaleas  are  conspicuous,  not  only  by 
their  shining  coriaceous  leaves,  but  also  by  their  magnificeni 


also 


436  Structural  and  Physiulogkal  Botany. 

clusters  of  flowers,  often  of  gigantic  size.  The  eighth 
last  zone,  tliat  of  Alpine  herbs,  cxteuds  from  the  elevation 
.  of  4,500  metres  to  the  limits  of  perpetual  snow.  Here  are 
found  chiefly  low-growing  perennial  plants  with  woody 
I  small  amount  of  foliage,  and  comparatively  large 
brightly-coloured  flowers ;  and  almost  all  the  herbaceous 
plants  are  markedby  containingresinous  and  bitter  substances. 
The  Alps  and  other  mountains  of  Central  Europe  pos- 
ss,  on  the  other  hand,  only  six  phyto-geographical  zones. 
The  zone  of  fruit-trees,  that  of  the  spurs  of  the  moun- 
tains, rises  on  an  average  to  about  660  metres.  The  apple 
and  the  grape-vine  usually  ascend  to  this  elevation,  while  the 
walnut  reaches  as  high  as  to  1,000  metres.  In  this  zone  the 
vegetation  of  the  plain  is  predominant;  the  woods  consist 
mainly  of  beeches,  birches,  alders,  larches,  and  pines,  and 
theupperlimit  of  the  oak  occurs  here.  The  zone  of  beeches, 
or  the  lower  mountain  zone,  extends  in  the  Alps  to  a  height 
of  1,500  metres,  in  the  Sudetes  of  Silesia  to  1,000,  and  in  the 
Hartz  mountains  only  to  60a  metres.  The  birch,  the  syca- 
more, the  service,  the  hazel-nut,  the  wild  cherry,  and  many 
herbaceous  plants,  such  as  species  o{  Lamitim,  Planta^,  Ar- 
Utnisia,  Taraxacum,  Aspmila,  and  Chrysanthemum,  attain 
their  upper  limit  here,  and  disappear  with  the  beech.  At  the 
same  lime  we  reach  the  lower  limit  of  Rhododendron, 
Gentiana,  Primula,  &c.  The  zone  of  pines,  or  the  upper 
mountain  region,  reaches  in  Switzerland  an  elevation  of 
1,800,  in  theSudetesof  1,500,  and  in  the  Hartz  mountains  of 
1,000  metres.  Here  we  have  the  upper  limit  of  the 
spruce  fir  and  larch,  while  the  RhodrKlendrons  attain  thdr 
maximum  development.  Pinvs  Mughiis  and  Cembra  form 
great  forests  in  this  zone  of  the  Alps,  extending  also 
into  the  next  in  succession,  the  lower  Alpine  region.  This 
ascends  to  the  upper  hmit  of  Pimis  Mughus,  an  elevation 
of  about  3,300  metres.  In  the  granitic  Alps  of  Switzerland 
this  tree  is  often  replaced  by  the  green  alder.  This  is  also 
me  highest  limit  of  animal  life  in  the  Alps ;  only 
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species  being  found  at  a  greater  height.  The  zone  of  Alpftj 
herbs,  or  the  upper  Alpine  zone,  extends  to  the  limit  A 
perpetual  snow,  2,800  or  3,000  metres.  Of  woody  piat 
this  zone  has  only  the  dwarf  «'illows,  with  perhaps  t 
Rhododendrons,  the  beautiful  mountain  heath,  Erica  i 
nea,  and  tlie  single  Azalea  found  in  the  Alps,  A.  procumbm 
In  the  zone  of  Cryptogams,  or  the  snow  region,  above  the 
limit  of  perpetual  snow,  all  phanerogamic  vegetation  has 
disappeared  ;  only  Mosses  and  Lichens  are  still  found,  and 
the  '  xi:6.-%'aov/,'  I'rotococcus  nivalis,  temporarily  colours  t 
white  tracts  of  snow. 

It  will  illustrate  how  the  distribution  of  plants  in  altitude  is 
fied  by  local  circumstances,  to  mention  that  in  the  northern  Alps  ( 
upper  limil  of  the  cultivation  of  the  grape-vine  is  500  metres,  in  the 
central  Alps  600,  while  in  the  groups  of  Monte  Rosa  and  Mont  Slanc  it 
ascends  to  900  metres. 

Ih  regions  of  VEGETATION. 

^*  1.  The  Arctic  Region. 

The  Arctic  flora  eraljraces  those  regions  of  the  extreme 
north  which  lie  beyond  the  polar  limits  of  the  forests.  Its 
character  is  determined  by  the  shortness  of  the  period  of 
vegetation,  and  the  comparatively  low  temperature  during 
this  period.  The  plants  belonging  to  it  must  be  able  to 
undergo  a  period  of  hibernation  of  at  least  nine  months 
«ach  year.  The  portion  of  them  which  rises  above  the  sur- 
face is  comparatively  small,  and  their  underground  stems 
are  almost  always  perennial ;  annual  plants  are  almost  en- 
tirely wanting.  Hepatioe, Lichens, Grasses,  and  Cyperaceae,  a 
few  shrabs  and  sub-shrubs — mllows,  birches,  and  Vacciniace 
— as  well  as  evet^reen  Rhododendrons  and  AndrometU 
form  the  flora  characterised  [in  part]  by  the  size  and  brn 
jiant  colour  of  its  flowers.  There  are  no  cultivalec 
plants.  In  this  region  occur  the  '  Tundren,'  broad  plains 
covered  witii  Mosses  and  Lichens.  The  Mosses  are  partial 
to    moisture,   and  hence  form   ihe  '  moist  Tundren; 
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broivn,  black,  gray,  or  yellow  Lichens  grow,  on  the  contrary^ 
on  the  sandy  products  of  the  decomposition  of  masses  of 
granitic  rock,  and  form  the  '  dry  Tundren.'  These  latter 
furnish  food  for  animaJs,  and  are  therefore  more  valuable 
than  the  former. 

3.   The  Europa^o-Sibcrian  Fortsi-Region. 

The  general  climatic  character  of  this  region,  which  gives 
rise  to  the  uniform  nahire  of  its  vegetation,  is  the  unifoim 
average  temperature  of  its  entire  vegetative  period,  and  the 
absence  of  a  rainless  season  to  interfere  witli  the  growth  of 
its  trees.  Combined  with  these  is  a  condition  peculiarly 
favourable  to  its  arboreal  vegetation,  a  period  of  activity 
always  amounting  to  more  than  three  months  in  each  year, 
which  distinguishes  it  from  the  Arctic  Region ;  while  the 
permanent  moisture  of  the  ground  from  constant  rainfall, 
separates  it  from  the  steppes  which  lie  to  the  south  and  from 
the  Mediterranean  district 

On  the  borders  of  the  ocean,  especially  on  the  Atlantic 
coasts,  the  sea  produces  an  eifect  on  the  climate,  moderating 
both  the  cold  of  winter  and  the  heat  of  summer,  and  thus 
producing  a  mild  maritime  climate,  in  contrast  with  the  more 
widely  extended  continental  climate.  The  longer  duration 
of  the  period  of  vegetaUon,  and  the  gradually  increasing- 
temperature  of  the  summer,  are  noticeable  in  passing 
through  this  region  from  north  to  south. 

There  are  also  large  tracts  of  country  in  which  the 
forests  hare  been  made  to  yield  to  cultivation,  and  which 
render  the  general  term  for  the  region  somewhat  inapplicable. 
This  clearing  of  the  forests  in  Europe  has  also  made  tlie 
climate  more  continental  by  diminishing  the  rainfall. 
This  destruction  of  forests  alters  the  climate,  not  only  because 
the  trees  shade  the  ground  and  hence  keep  it  cooler,  but 
also  because  tliey  retain  in  the  soil  and  in  their  tissue  larger 
quantities  of  moisture,  which  are  gradually  restored  to  tha 
atmosphere  by  transpiration. 


f  Botanical  Geography.  439 

Dependent  on  these  conditions,  the  whole  of  this  forest- 
region  from  the  Atlantic  to  the  Pacific  Ocean  may  be 
divided  into  sevenzones  :— i,  the  French  zone  of  the  sweet 
chestnut  ;  2,  the  German  zone  of  Pivus  Picea ;  3,  the 
Hungarian  zone  of  Quercus  CerHs ;  4,  the  central  Russian 
zone  of  exogenous  forests;  j,  the  northern  zone  of  Coni- 
fers; ;  6,  that  of  Qitercus  mongolka ;  and  7,  that  of  Belida 
Ermani. 

Among  all  the  forest-trees  of  Europe  the  beech  is  the 

most  characteristic  of  a  maritime  climate  ;  but  the  zone  of 

the  beech  passes  gradually  into  those  of  the  chestnut,  Pinus 

Picea,  and   Qiia-cus  Cerris.     These  three  zones  correspond 

to  particular  districts  of  the  maritime  climate  characterised 

by  the  difference  in  mean  temperature  between  the  coldest 

and  warmest  months  of  the  year.     In  the  first  zone,  the 

mean  monthly  temperature  varies  between  i2°'S  and  i7°'sC. ; 

in   the  second  between  \f-S  and  sa^-s ;  and  in  the  third 

between    2a°'5    and  23°'S    C.     The  characteristics   of  the 

central  Russian  zone  of  exogenous  trees,  of  the  northern 

zone  of  Coniferte,  and  of  that  of  Qitercus  motrgalica,  depend 

on  their  continental  separation  from  the  influence  of  the 

.     The  broad  girdle  of  forests  of  the  Russian  lowlands, 

which  consist  mainly  of  oaks,  is  limited  on  the  north  by  the 

I   decreasing  temperature,  on  the  east  by  the  insurmountable 

barrier  of  the  Ural  mountains.     To  the  north  of  it  is  found 

tiieTefore  a  belt  of  Conifers-Opines  and  larches — -accompanied 

by  birches,  which  reaches  to  the  Arctic  Region,  and  across 

the  Ural  through  Siberia,  till  at  length  it  reaches  die  Amoor 

and  the  sea-coast  of  Ochotsk.     The  zone  of  the  Amoor  or 

[  northern    Mantschuria   has  a  completely  continental    cha- 

I  racter.     The  trees,  among  which   Quereiis  mongolka  is  the 

\  most  characteristic,  belong  for  the  most  part  to  European 

1^  genera,  but  to  peculiar  species  ;  the  Siberian  Coniferje  occur 

[  here  only  on  the  mountains.     The  last  zone,  that  of  Bdtila 

I  Emiani,  owes  its  peculiarity — a  long  period  of  vegptation 

I  with  a  diminished  summer  temperature — to  the  neighboy^— 
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boodtm  tbeonetuad  of  Sibenaasd  on  theoth^  bai^^^^H 
Ihesea.  ^^^| 

Among  tbe  cnlm-^ted  crops  of  this  n^on  tiie  ™oi^^^^| 


» 


maiksble  are  tbe  potato,  a^^le,  grape-vine  land  the  i 
grasses].  Of  the  latter  barley  extends  the  larthest  to  tbe 
north,  accompanied  bf  the  potato^  In  Europe  generally  tbe 
cereals  vaiy  with  the  geographical  latimde ;  barley  in  tbe 
notth,  then  lye  [and  oals],  and  vheat  in  tbe  soathem  ports. 
The  apple  and  giape-x-ine,  oa  die  coaixaxy,  axe  more  de- 
pendent— at  least  at  their  northern  limits — on  direct  sun- 
^line,  and  in  consequence  flourish  there  only  in  the  most 
sunny  localities.  Special  mention  mast  be  made  of  the 
Inrf-fonning  grasses,  and  tbe  meadows  irhidi  they  prodac^ 
found  to  the  same  extent  in  none  of  the  neighbouring 
regions;  beaihs,  moors,  and  alder-fens  are  also  almost 
peculiar  to  this  region. 

3.  77ie  Mediterranean  Re^n. 

The  most  important  peculiarities  of  the  climate  which 
detenuine  the  flora  of  this  region  are  the  rainlessness  of  the 

nmer  and  the  mildness  of  the  winter.  While,  therefore^ 
in  the  forest-region  tbe  chief  derelopment  of  vegetatioa 
tales  place  in  the  wanner  ponton  of  tbe  year,  in  the  countries 
which  border  the  Mediterranean,  on  the  contrary,  plants 
grow  during  the  spring,  remain  stationary  during  the  dry 
jfcriod  of  summer,  and  renew  iheii  growth  under  the  influ- 
ence of  the  autumn  rain.  This  peculiarity  shows  itself  on 
ihe  mountainous  border  of  the  region,  and  in  the  neighbour- 
hood of  the  Sahara ;  but  is  fully  developed  only  on  the  shcH-es 
of  the  Mediterranean.  The  flora  of  the  elevated  plains  and 
mounlains  indicates  an  approximation,  sometimes  to  that  xA 
the  sleppes,  sometimes  to  that  of  the  forest-region,  sometimes 
to  Alpine  and  Arctic  forms. 

Agriculture  has  here  this  advantage  ;  that  the  same  plot 
of  ground  will  produce  several  crops  in  one  year,  but  often 
only  by  carefully  regulated  irrigation.  The  olive  is  a  spedally 
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characteristic  product  of  this  region;  the  further  oneadvances 
south,  the  greater  is  the  number  of  plants  cultivated  for  food 
or  for  some  other  useful  quality.  Along  with  cereals,  the 
grape-vine  and  olive,  are  found  the  mulberry,  maize,  millet, 
rice,  water-melon,  orange,  fig,  cotton,  and  even  the  date- 
palm,  sugar-cane,  plantain,  and  batatas.  Many  of  these 
plants,  as  well  as  the  Indian  fig  (Opunlia),  agave,  and  aloe, 
grow  in  [his  region  only  under  eultivation.  One  of  its 
jieculiarities  is  the  great  abundance  of  evergreen  trees — the 
laurel,  myrtle,  oleander,  olive,  evergreen  oak,  &c. — as  well  as 
of  thorny  shrubs.  These  latter  often  cover  wide  tracts,  to 
the  exclusion  of  almost  all  other  vegetation,  frequently  form- 
^^ng  dense  thickets. 

^H  4.   Tlie  Stippe  Re^ofi. 

^t  This  region  stretches  from  the  mouth  of  the  Danube  to 
the  affluents  of  the  Amoor  ;  from  the  central  Volga  to  the 
coast  of  the  Persian  Gulf  and  the  crests  of  the  Himalayas,  The 
gradual  rise  of  the  ground  from  the  basin  of  the  Caspian  Sea 
to  the  Asiatic  highlands  neutralises  the  approach  towards  the 
equator,  amounting  to  27°  of  latitude.  Throughout  this  im- 
mense region  there  prevails  a  uniform  alternation  of  three 
periods  in  the  year  ;  the  severe  and  protracted  winter  is 
followed  by  a  short  spring,  and  this  by  a  rainless  burning 
summer,  which  is  succeeded  almost 'immediately  by  the 
snow-fall  of  winter.  It  is  only  the  short  spring  that  is 
favourable  to  the  growth  of  vegetation.  The  peculiar  plants 
of  the  steppes  have  therefore,  in  some  cases,  a  short  existence, 
in  otliers  special  means  of  protection  against  the  drought 
of  summer.  Among  the  most  characteristic  forms  of  vege- 
tation are  plants  with  bulbous  underground  stems,  yielding 
a  volatile  oil,  or  covered  with  spines  or  hairs.  The  dif- 
ferent kinds  of  steppes — grass,  salt,  and  sand^maintain 
[leculiar  forms  of  vegetation ;  trees,  or  even  shrubs,  occur 
only  where  vegetable  life  is  aided  by  abundance  of  water 

»4)r  artificial  irrigation,    Of  cultivated  plants,  rice,  cotton,  and 
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sesame  thrive  ;  but  fruit-trees  need  protection  agai 
cold  of  winter. 

5.  The  Chim-yapanese  Region. 
The  Chineselowlandsjincludiiig  the  Japanese  archipelago, 
have  the  advantage  over  Europe  of  a  more  regular  distribu- 
tion of  the  rainfall.  This  is  in  consequence  of  the  monsoons, 
which  extend  as  far  as  40°  or  even  45°  N.  lat.,  and  cause  a 
lainy  period  in  the  spring.  The  extremely  regular  succession 
of  seasons  which  results  is  favourable  lo  a  careful  garden-like 
agriculture,  the  chief  crops  being  wheat,  cotton,  indigo,  the 
sugar-cane,  and  orange,  but  especially  rice,  the  mulberry,  and 
the  tea-tree.  There  are  no  meadows  or  fodder-crops.  The 
aboriginal  vegetation  has  been  driven  back  to  the  high- 
lands. A  characteristic  of  the  native  flora  is  the  large  number 
of  trees  and  shrubs,  matiy  of  them,  like  the  Camellia, 


6.  TJie  Indian  Monsoon  Region. 
This  region  is  not  characterised  by  any  special  clitna) 
conditions,  but  only  by  the  genera!  phenomena  of  the  tropics. 
Growth  takes  place  exclusively  in  the  rainy  season.  Accord- 
ingly as  the  monsoon  is  a  land-  or  a  sea-breeze,  is  it  dty  or 
moist ;  and  the  monsoon  region,  in  fact,  includes  every  de- 
scription of  chmate  which  is  possible  within  the  tropics. 
On  its  northern  border,  for  example,  its  conditions  approxi- 
mate to  those  of  the  temperate  zone ;  and  at  the  fool  of  the 
Hmialayas  there  is  an  immediate  transition  from  the  desert 
landscape  to  the  mo.st  luxuriant  tropical  forests.  Besides 
the  gigantic  forests,  cliaracteristic  forms  of  vegetation  arc 
presented  by  the  savannahs  and  the  Jungles.  Among  the 
prominent  features  of  the  flora  of  this  region  are  paling 
bamboos,  and  tree-ferns ;  the  banyan.  Fiats  imiica,  whidi 
emits  aerial  roots  from  its  branches  to  the  ground  ;  man- 
■XiveSf  which  put  out  roots  from  the  seeds  while 
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remain  in  the  fruits  attached  to  the  branches,  and  thi 
like  the  banyan,  can  produce  a  group  of  trees  from  a  sinj 
individual ;  laurels,  teak-trees,  lianes,  numerous  beautifill 
Orchides,  NepenthaceEG,  and  Nyraph:eaceE.  The  most 
important  food-plant  is  rice.  Cotton,  the  opium-poppy, 
ginger,  sesame,  and  indigo  are  also  widely  cultivated  crops. 
Among  fruit  trees  and  useful  shrubs,  the  coffee-plant  is 
grown  in  Java,  cinnamon  in  Ceylon,  the  nutmeg  and  clove- 
in  the  Moluccas,  the  bread-fruit  and  the  cocoa- nut -palm 
in  the  South  Sea  Islands,  camphor  in  Borneo,  pepper  in 
Malabar  and  Siam.  In  addition  the  plantain,  orange,  and 
other  sweet  fruits  are  universal. 


PI.   The  Sahara.  I 

This  is  the  region  of  the  unchecked  prevalence  of  the 
trade- winds  in  northern  Africa,  northern  Arabia,  and  southern 
India,  and  is  almost  rainless.  Any  vegetation  is  possible 
only  from  the  occasional  occurrence  of  thunderstonns  or 
dew,  or  from  the  rainfall  of  adjoining  regions  being  carried 
underground  as  surface-water,  and  giving  rise  to  springs  or 
wells.  But  it  is  scarcely  conceivable  that  there  are  even  in  the 
Sahara  any  large  tracts  in  which  a  scanty  vegetation  cannot 
thrive  at  certain  times.  The  nature  of  the  surface  indicates- 
four  varieties  of  landscape  ; — the  stony  plains  of  ihe  Ham- 
mada  ;  the  undulating  deserts  of  the  Areg  covered  with  shift- 
ing sand  ;  the  deep  gullies  or  Wadis  .;  and  the  Oases.  The 
Hammada  brings  forth  only  at  particular  spots  scanty  thorny 
or  leafless  shrubs,  and  sometimes  also  saline  plants.  The- 
Areg  sometimes  produces  Grasses.  The  rest  of  the  scanty  _ 
vegetation  of  the  desert,  oily  and  bulbous  plants,  &c.,  retreat»J 
to  the  Wadis  and  the  Oases  with  their  date-palms.  The 
date-pahn  is  the  only  tree  which  has  its  original  and  uncon- 
tested home  in  the  Sahara  ;  the  rest,  as  well  as  a  number  of 
otherplantSjhavemigrated  from  elsewhereor  been  introduced 
'  by  man. 
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S.  77ie  Sudan  Hegion. 
This  region  includes  Central  Africafrom  zo^N.Iat.to  v 
lat.,  as  well  as  southern  Arabia;  and  enjoys,  in  general,  a  re- 
freshing rain  only  when  the  rays  of  the  sun  strike  vertically 
downwards,  remaining  al  other  limes  under  the  influence  of 
the  dry  trade-winds.  Growth  is  therefore  possible  only  as  an 
occasional  phenomenon  ;  and  the  prevalent  character  of  the 
vegetation  is  that  of  the  savannahs.  Copious  dew  and  sharp 
■changes  of  temperature  contribute  to  render  the  climate  of  this 
region  extremely  ill-adapted  for  the  immigration  of  foreign 
forms ;  so  that  the  aboriginal  fauna  and  flora  have  been 
preserved  in  their  primitive  aspect.  A  characteristic  feature 
is  the  gigantic  Grasses,  often  -6  or  7  metres  high ;  peciUiar  to 
it  are  the  euormous  stems  of  the  baobab  and  leaves  of  Jtfusa 
Mnsele.  Among  the  more  important  useful  plants  are  the 
tamarind,  the  fig-sycamore,  the  palms,  especially  the  doom 
palmand  the  oil  palm  AYisfw^-tf/flwyuw,  and  the  succulent  and 
poisonous  arborescent  Euphorbias.  Acacias  and  thorny 
shrubs  are  generally  distributed.  A  not  inconsiderable  por- 
tion of  the  Sudan  flom  has  migrated  into  Upper  Egypt. 
South  Arabia  was  at  one  time  treated  as  a  separate  region, 
on  account  of  its  balsamic  vegetation. 

9.   71u  Kalahari  Eesion. 

The  Kalahari  region  extends  along  the  Atlantic  coast  of 
Africa  from  20°  to  29°  S.  lat.  It  is  aJtogetlier  destitute  of 
water,  and  forms  a  connecting  link  between  deserts,  savannahs, 
and  steppes  covered  with  shrubs  ;  and  has  no  oases  with  a 
settled  population,  but  is  tenanted  only  by  wandering  nomads. 
Peculiar  to  this  region  is  tlie  remarkable  Welwitsclua  (see 

338);  and  the  most  prominent  members  of  the  scan^ 
fiora  are  spiny  Acacias  and  other  shrubs  which  almost  en- 
tirely impede  locomotion,  a  number  of  bulbous  and  tuberous 
plants,  Grasses,  and  the  south  African  water-melon.     There 
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110.  The  Cape  Region. 
The  interior  elevated  plains  of  the  Cape  of  Good  Hope,, 
ich  lie  south  of  the  Orange  River,  slope  downwards  through 
rocky  mountains  or  precipitous  descents  to  the  level  of  the 
sea.  The  climate  may  be  compared  to  that  of  the  elevated 
plains  of  Spain.  In  both  districts  an  extraordinary  variety 
of  vegetation  is  promoted  by  the  unequal  distribution  of 
temperature,  of  the  annual  rainfall,  and  of  the  humidity  of 
the  air.  The  highest  terrace  {about  1,000  metres  above  the- 
level  of  the  sea),  the  Roggefeld,  is  at  times  completely  bare, 
and  at  other  times  is  covered  only  by  small  compositous. 
bushes.  The  middle  terrace,  the  Karroo-plain  (700  metres), 
is  also  clothed  with  a  uniform  steppe-vegetation  ;  the  so- 
called  '  rhinoceros -hush '  (5/tfifer^iWfifr<'//j)  belonging  to  the 
Composita;,  covers  the  widest  tracts  of  country ;  it  is  only 
in  August  that  tile  soil  becomes  clothed  for  a  few  weeks  with 
a  luxuriant  green,  carpeted  with  numberless  flowers,  belong- 
ing to  the  CompositiB,  LiliaceE,  MesembryanthemaceEe,  &c. 
From  the  Karroo-plain  to  the  coast  the  character  of  the  vege- 
tation is  determined  by  the  evergreen  shrubs,  constituting 
what  is  called  the  '  bush.'  This  is  perhaps  the  richest  spot 
on  the  whole  earth  in  species  of  plants,  and  is  especially  the 
paradise  of  flowers.  Ericaceae,  Proteacete,  Euphorbiaceffi, 
Stapelias,  LiUacea3,  Iridese,  and  '  everlastings '  {HeUchrymm, 
belonging  to  the  Compositje)  are  the  most  conspicuous  ele- 
ments of  the  vegetation.  Especially  noteworthy  is  the 
Prionium  or  palmet  (Juncacefe),  the  stems  of  which  grow 
so  closely  crowded  together  that  they  detain  and  Impede 
^^the  courses  of  rivers  like  wears. 

^^K  1 1.   T/ie  Australian  Region. 

^f  Northern  Australia  has  a  tropical  climate  with  a  summ« 
rainy  pjeriod.  In  the  sub-tropical  zone,  from  19°  to  29°  S.  latj 
is  a  deser;  belt  in  which  the  reign  of  the  trade-winds  is  un- 
interrupted. The  climate  of  South  Australia  may  be  com- 
pared to  that  of  the  Mediterranean,  tlie  rainfall  being  limited 
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to  Ihe  winter ;  while  in  Tasmania  rain  falls  at  all  seasons. 
Most  of  the  rivers  are  dried  up  for  considerable  periods, 
and  leave  gradually  diminishing  'creeks'  of  water  on!y 
where  their  beds  are  deepest.  Woody  savannahs  termed 
'grass-lands/  and  thickets  of  bushes  known  as  'scrubs' 
occupy  the  greater  part  of  Australia  so  far  as  it  has  been 
opened  to  colonisation.  The  grass-land  is  a  carpet  of 
meadow  interspersed  wtli  occisionai  forests  of  Eucalyptus, 
and  adorned  in  the  rainy  season  with  numerous  bulbous 
plants,  Liliaceffi,  Orchideie,  &c.,  and  '  everlastings.'  The 
scrub  consists  entirely  of  densely  interwoven  shrubs, 
Proteaceje,  Epacrideje,  MyrtaceEe,  Leguminosse,  Sic.,  among 
which  rise  sometimes  lofty  trees,  Eucalypti  and  Acacias  ; 
but  is  destitute  of  herbaceous  plants  and  grasses.  In  the 
valleys  of  the  creeks  there  is  only  a  dense  scrub ;  and  herCf 
among  other  plants,  are  found  the  Casuarinas  (she-oaks), 
palms,  and  the  grass-tree,  Xanthorrhaa.  In  addition, 
Australia  has  also,  like  the  Asiatic  steppe -region,  grass-, 
salt-,  and  sand-steppes. 

12.  The  North  American  Forest-Region. 
The  regions  of  vegetation  of  North  America  correspond 
to  those  of  the  eastern  hemisphere.  A  broad  forest-zone 
passes  through  the  whole  continent  from  Behring's  Strait  to 
Newfoundland,  and  southwards  as  isx  as  Florida  and  the 
mouths  of  the  Mississippi.  The  narrow  strip  of  coast  of 
California  may  be  compared  with  the  Mediterranean  region 
in  its  rainless  summer  period  ;  and  the  Asiatic  sleppes  cor- 
respond to  the  prairies  between  the  Sierra  Nevada  and  the 
Mississippi. 

As  compared  with  the  Europieo-Siberian,  the  American 

forest-region  is  colder  in  the  same  latitude,  and  the  difference 

maybe  estimated  as,  on  an  average,  one  of  ro''of  lat.    Thus,-, 

for  example,  the  average  annual  temperature  at  New  York,  in 

°  N.  lat.,  is  io°'5  C.  ;  and  that  of  Brussels,  in  51°  N.  lat, 

f  is  io'''4  C.    The  difference  is  less  than  this  in   ' 
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Sortions,  but  increases  gradually  towards  the  north.  The 
mperature  diminishes  very  rapidly  as  we  advance  north- 
ards,  the  cold  waters  of  the  Polar  sea  having  no  sufficient 
feutflow  southwards  through  ihe  narrow  Behring's  Strait  and 
's  Bay.  Europe  has  also  the  advantage  of  a  less 
feriable  maritime  climate,  from  the  inland  seas  penetrating 
b  a  greater  depth.  In  consequence  of  this,  New  York  has 
Bie  summer- temperature  of  Rome  and  the  winter  temperature 
»f  Copenhagen  ;  Quebec  the  summer  of  Paris  and  the  winter 
f  Petersburg.  The  character  of  the  vegetation  is  determined 
s  alternation  of  summer  and  winter  temperatures. 
The  northern  belt  includes  the  zone  of  Pinus  alba 
6ld  nigra,  which  in  America  replace  the  European  firs, 
poniferous  forests,  the  individuals  of  which  are  often  of  an 
;  size,  mixed  with  a  few  exogenous  trees,  mark,  in 
;  zone  of  the  Oregon  pine,  the  passage  to  that  of  de- 
pduous  exogenous  trees.  These  forests  are  distinguished 
s  corresponding  oak-  and  beech-zones  of  Europe  by 
ilie  greater  variety  of  their  oaks,  and  by  the  species  of  elm, 
,  and  maple.  The  forest-zone  of  the  Souihem  Stales 
is,  as  in  South  Europe,  characterised  by  evergreen  ex- 
ogenous trees  intermbied  with  representatives  of  tropica! 
families.  In  its  moist  summer  the  climate  of  these  States 
resembles  that  of  China;  the  most  noticeable  crops  are 
cotton,  rice,  and  the  sugar-cane.  But  these  advantages  are 
again  partially  counterbalanced  by  the  sandy  and  marshy 
nature  of  the  soil  from  Louisiana  to  Virginia,  [the  Great 
Dismal  Swamp],  covered  by  Pinus  auslralis,  and  by  the 
almost    inaccessible     swampy    lowlands    of    the    Atlantic 

Most  European  crops  thrive  in  North  America  as  well  as 
with  us ;  but  the  great  alternations  of  temperature  are  un- 
favourable to  the  more  tropical  species,  as  the  orange.  The 
maize  is  cultivated  to  higher  latitudes  than  in  Europe,  while 
the  cultivation  of  the  grape-vine  is  scarcely  anywhere  carried 
_  on  with  much  success. 
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13.    The  Prairie  Hegion.  ^^^^H 

The  prairies,  the  steppes  of  Xorth  America,  are  tK^^^^f 
plains,  in  which  the  severe  cold  of  winter  is  succeeded  '^^t 
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short  period  of  active  growth  ushered  in  by  a  transitory 
rainy  season,  and  a  dry  rainless  summer.  The  cause  of  the 
summer  drought  is  the  dryness  of  the  prevalent  western 
Pacific  winds  ;  and  this  is  the  result  of  the  moisture  of  the 
air  being  previously  withdrawn  by  the  Rocky  Mountains 
and  the  chain  of  mountains  along  the  Californian  coast. 
The  heavy  rains  which  fall  on  these  mountains  are,  it  is 
true,  the  feeders  of  great  rivers  which  cross  the  prairies ;  but 
these  water-courses,  which  are  often  of  great  size,  the 
affluents  of  the  Mississippi,  t!ie  Colorado,  and  the  Rio 
Grande  del  Norte,  are  of  but  little  service  for  the  irrigation 
of  the  soil,  because  they  have  worn  their  way  down 
into  the  soil,  often  to  such  a  depth  that  no  arable  land 
is  left  in  the  deep  chasms  or  river-beds  known  as  '  canons ' ; 
and  sometimes  tliere  is  not  even  a  belt  of  trees  by  the  side- 
of  the  stream,  The  south-western  portion  of  tlie  region 
is  covered  by  an  inhospitable  salt-desert,  where  the  soil  is 
often  completely  bare,  or  produces  a  vegetation  consisting' 
almost  entirely  of  a  few  sparse  Chenopodiaccje  and  social 
Artemisias.  There  are,  however,  here  and  there  in  the  pre- 
vailing desert,  a  few  scattered  oases,  among  which  that  of  the 
Great  Salt  Lake  is  the  most  important.  A  contrast  to  the 
salt-desert  is  afforded  by  the  northern  portion  of  the 
legion,  a  true  grass-steppe,  the  home  of  the  bison ;  while 
in  the  south  agaves,  aloes,  and  yuccas  abound,  and  the 
Cactaceje  attain  their  maximum  development.  The  few 
trees  and  shrubs  which  are  found  here  and  there  on  the 
banks  of  the  rivers  and  slopes  of  the  mountains,  have  mostly 
ligrated  from  the  forest -region.  Among  the  characteristic 
forms  of  vegetation  are  ihe  Mimoseaa,  especially  the  genua 
which  forms  by  itself  the  featiwe  in  the  landscape 
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known  as  '  mezquit,'  while,  associated  with  other  thorn 
shrubs,  it  constitutes  the  '  chaparals.' 
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14.   The  Califomian  i 


The  dimate  of  this  strip  of  coast,  which  is  of  a  purel 
laritime  character,  is  determmed  by  tlie  uniformity 
the  temperature — that  of  summer  and  winter  difTering  by 
only  a  few  degrees — and  the  reguiar  alternation  of  a  moist 
cooler  season  with  a  rainless  summei.  In  the  mildness  and 
short  duration  of  the  winter,  m  the  rainless  summer  of  the 
forest-region  beyond  the  Oregon,  and — in  contrast  to  the 
prairies — in  the  length  of  the  period  of  active  growth  neces- 
sary for  the  development  of  arborescent  vegetation,  the 
climate  of  California  resembles  tliat  of  the  Mediterranean, 
although  the  mean  temperature  is  not  so  high.  The 
cultiu-e  of  the  vine  has  struck  root  here,  and  that  of  cereals 
and  fodder-crops  yields  in  places  extraordinary  results. 
Arboreal  vegetation  here  attains  its  maximum  development 
in  the  gigantic  mammoth- trees,  the  Sequoia  [or  Wellingtonia\ 
gigantea,  the  loftiest  of  known  trees.  Other  gigantic  though 
somewhat  less  lofty  conifers,  and  evergreen  exogenous  trees, 
oaks,  limes,  ashes,  and  willows,  shrubs  alUed  to  the  oleander, 
myrtle,  and  heaths,  as  well  as  numerous  smaller  bushes  and 
grasses  growing  in  great  masses,  complete  the  flora  of  tills 
small  but  remarkable  region,  which  often  assumes  a  park- 
like  character. 


15.  The  Mexican  I 


This  region  may  be  divided,  according  to  its  elevation 
above  the  sea-level,  into  three  zones : — the  gulf-zone, 
zone  of  the  Mexican  highlands,  and  the  Pacific  zone.  The 
tirst,  a  narrow  strip  of  coast,  rises  above  the  dry  sea-shore  in 
gently  sloping  grass  savannahs,  interrupted  here  and  there 
by  woody  tracts,  and  even  by  groups  of  palms. 
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richer  vegetation  of  tropical  growths  fills  the  moister 
ravines,  the  'barrancas,'  which  score  ihe  volcanoes  on.  all 
sides.  The  upper  portion  of  the  tropical  zone  is  covered 
by  damp  mountain -woods  with  evergreen  foliage.  Asso- 
ciated with  the  lofty  exogenous  trees  are  tree-ferns,  ar- 
borescent Liliaceffi,  numberless  lianes,  among  which  are  the 
sarsaparilla  and  the  vanilla,  an  iainie::sc  v..:riety  of  copiously 
flowering  Orchideje  and  Bromeliaceje,  including  the  pine- 
apple. The  cultivation  of  the  coffee,  plantain,  and  sugar- 
cane are  here  carried  on  with  success.  A  striking  contrast 
to  this  wealth  is  presented  by  Yucatan,  the  chief  product  of 
which  is  its  logwood  forests.  The  highland  of  tropical 
Mexico  enjoys  an  extremely  uniform  climate,  with  a  tem- 
perature resembling  that  of  the  summer  at  Paris.  In  the 
character  of  its  vegetation,  its  agaves,  spiny  Mimosas,  and 
cacti,  it  approaches  the  southern  prairies,  but  is  admirably 
adapted  to  the  cultivation  of  the  olive,  mulberry,  and  vine, 
and  especially  of  the  agaves  which  yield  the  drink  known  as 
pulque.  The  forests  consist  chiefly  of  oaks  and  Conifene. 
The  gradual  slope  of  Mexico  towards  the  Pacific,  or  Pacific 
zone,  has  a  less  uniform  character  than  the  narrow  Gulf- 
zone,  Its  flora  is  less  rich  than  that  of  the  Gulf-zone,  the 
rainfall  being  less ;  but  the  sea-coast  is  bordered  by  & 
tropical  forest  which  yields  logwood  and  the  cocoa-nut. 

1 6.  The  West  Indian  Region. 
The  West  Indies  form  a  phy  to -geographical  region  of 
their  own.  Eadi  of  the  solstices  is  followed  by  a  rainy 
season,  which  causes  the  West  Indian  archipelago  to  be  well 
wooded  to  the  tops  of  the  mountains.  The  present  vegeta- 
tion is,  however,  different  from  the  aboriginal.  When  fiist 
discovered  by  Europeans  the  whole  of  Jamaica  was  almost 
entirely  covered  with  mahogany  trees  and  Cedrelas  ;  maize 
was  the  only  crop.  The  forests,  however,  soon  disappeared 
on  the  coasts  ;  the  sugar-cane  became  the  principal  product 
of  the  low  districts,  and  coffee- plantations  arose  on  the  hills. 
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Since  the  emancipation  of  the  slaves,  these  crops  have  been 
to  a  considerable  extent  replaced  by  pa.sture  land  ;  and 
the  meadows  are  being  changed  by  the  introduction  of  foreign 
grasses, 

17.  T/i£  Cis-equatorial  Rsgiofi  of  South  America. 
The  shores  of  this  region  are  covered  with  dense 
forests,  whiie  in  the  interior  of  the  continent,  where  the  sea- 
winds  have  been  deprived  of  moisture  by  the  action  of  the 
chains  of  mountains,  extend  the  great  savannahs  of  Guiana, 
and  the  boundless  llanos  of  Venezuela,  covered  by  an  ex- 
traordinarily rich  fauna,  and  characterised  by  a  sharp  contrast 
of  dry  and  moist  seasons.  These  forests,  which  clothe 
especially  the  shores  of  the  Amazon,  are  mostly  evergreen, 
with  but  few  Conifers,  and  marked  by  Passifloracese,  Pipe- 
raceee,  Phyiekphas,  Taiertteemoritana,  and  a  great  variety  of 
palms.  The  savannahs  are  grass  plains  sprinkled  but  sparingly 
with  trees ;  in  the  spring  they  resemble  the  northern  prairies, 
splendidly  gay  with  the  most  brilliant  flowers ;  while  in  the 
autumn  they  produce  thinly-sown  com*crops,  till  the  com- 
mencement of  tlie  rainy  season  brings  again  the  grass  and 
the  flowers.  The  llanos  aje  grass  plains  often  entirely 
destitute  of  trees,  sometimes  dry  deserts,  at  others  flooded 
by  continuous  rain. 
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The  uniformity  of  a  tropical  temperature,  and  the  regu- 
increase  of  moisture,  produce  on  the  banks  of  the 
Amazon  and  neighboiuing  streams  a  forest-region  known  as 
'  HylKa.'  In  the  main  stream  the  greatest  height  of  the 
water  exceeds  the  lowest  by  as  much  as  from  13  to  17 
metres ;  and  since  the  shores  are  perfectly  flat,  the  forest  is 
flooded  every  year  on  both  sides  of  the  river  to  a  breadth 
of  severa!  geographical  miles.  This  tract  of  country  is 
known  as  '  igapo,'  consisting  of  forests  in  which  the  trunks 
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of  the  trees  stand  for  months  in  water  from  3  to  13  metr^ 
deep.  Among  the  more  important  trees  are  Mimosas, 
Lauracefe,  and  Ficuses,  intermixed  with  and  overtopped  by 
magnificent  palms,  among  which  is  the  Moriche-palm, 
MauTilia  flexuosa ;  there  are  no  woody  iiaues.  Beyond 
the  region  of  the  floods  are  the  Etc-  or  Gua^u- forests,  in 
which  the  prevalent  forms  are  the  dusky  Lauraceae,  with  the 
brazil-nut,  Seriholettta,  covered  everywhere  by  stout  lianes. 
The  forests  on  the  Rio  Negro  differ  from  those  near  the 
Amazon  in  the  rarity  of  palms  and  lianes.  The  natural 
products  of  ali  these  forests  are  unbounded : — brazil- 
nut,  caoutchouc,  cocoa,  vanilla,  sarsaparilla,  with  valuable 
woods,  vegetable  fibres,  and  medicinal  plants  in  the  greatest 
variety. 

19.  The  Brazilian  Jiegion. 

Along  the  whole  of  the  south-east  coast  of  Brazil 
'  stretches  a  chain  of  mountains,  the  Serra  do  Mar,  riang  to 
n  elevation  of  7,000  feet,  the  slopes  of  which  are  exposed 
to  Ihe  trade-wind,  and  collect  a  considerable  amount  of 
moisture.  This  is  succeeded  in  the  interior  by  a  broad 
table-land  consisting  of  argillaceous  slate,  deprived  by 
the  Serra  do  Mar  of  the  Atlantic  moisture,  and  therefore 
covered  everywhere,  except  where  there  is  running  water 
or  bogs,  by  savannahs,  called  in  Brazil  '  campos,'  Here, 
in  the  southern  summer,  the  rainy  period  produces,  as  if 
by  magic,  a  vegetation  which  is  dormant  during  the  dry 
season,  the  alternation   being  exhibited    especially  in    the 

I  widely  distributed  savannah- forests,  the  'catingas.'  The 
campos  are  naturally  divided  into  a  northern  plain,  a 
central  table-land,  and  southern  tracts  beyond  the  tropics. 
In  the  northerly  campos,  as  in  the  llanos  north  of  the 
equator,  the  savannah -grasses  flourish  with  their  loose  tufts, 
and  among  them  rise  a  few  columnar  cactus- stems.  On 
the  table-land  the  number  of  shrubs  with  coloured  flowers 
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increases  with  the  elevation  of  the  ground ;  and  Melocac- 
ius  takes  the  place  of  the  columnar  forms.  Both  sections 
possess  thickets  and  forests,  but  composed  of  different 
trees.  The  almost  unmixed  groups  otAraucaria  brasiliensis 
are  peculiar  to  the  southern  savannahs.  To  the  west  the 
savannahs  extend  as  far  as  the  affluents  of  the  Paraguay  and 
Madeira.  Here,  as  on  the  coast,  we  come  again  to  prime- 
val forests,  the  '  pantanals,'  of  a  tropical  luxuriance,  which, 
like  the  forests  of  Hyl^a,  owe  their  peculiarities  to  running 
water.  To  the  south  of  these  the  plains  of  Gran-Chaco,  and 
the  woody  highland  of  Paraguay,  alternating  with  open  grass- 
plains,  almost  entirely  fill  up  the  space  between  the  Andes 
and  the  southern  table-land  of  Brazil.  Here  are  found  the 
forests  of  'algarob,'  belonging  to  the  Mimoseje,  and  the 
Brazilian  wax-palm,  Coptmicia  cerifera. 

I  2o.  TIu  Tropical  Andaan  Region. 

'  Throughout  almost  the  whole  of  this  region,  like  the 
last,  there  is  a  natural  distinction  between  a  chain  of  moun- 
tains rising  almost  immediately  from  the  shore  of  the  Pacific, 
forming  a  kind  of  littoral  Cordilleras,  and  an  eastern  series 
of  peaks  which  slope  down  to  the  broad  lowlands  of  South 
America.  In  Peru  and  Bolivia  the  western  chain  includes 
an  extensive  highland,  the  Sierra  or  Puna  district ;  while  on 
the  southern  tropic  both  the  ridge  and  the  peaks  disappear, 
and  give  place  to  the  desert  of  Atakama.  The  Pacific 
coast  of  this  entire  region  is  an  altogether  rainless  country, 
which  is  only  watered  in  winter  by  slight  mists,  the  '  garuas ; ' 
the  Antarctic  current  of  Humboldt  which  skirts  the  coasts 
bringing  constantly  fresh  quantities  of  cold  water,  and 
causing  the  condensation  of  the  aqueous  vapour  brought  by 
the  sea-winds.  Drought  prevails  therefore  not  only  on  the 
land,  but  also  on  the  sea,  as  is  shown  by  the  guano- deposits 
of  the  Chincha  Islands.  Only  on  the  shores  of  the  short 
rivers,  or  by  means  of  artificial  irrigation,  can  culrivatio 
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carried  on  in  detached  spots.  Even  the  higher  portions  oF 
the  coast-range,  as  well  as  the  Puna  district,  are  treeless,  but 
are  covered  with  an  Alpine  herbaceous  and  shrubby  vegeta- 
tion. A  richer  tropical  vegetation  is  to  be  met  with  in  the 
Peruvian  Andes  only  on  the  eastern  slope  of  the  eastern 
Cordilleras,  or  in  the  valleys  which  intersect  the  Puna 
district  with  deep  rocky  channels,  and  lead  to  the  lowlands 
and  the  sea.  A  long  rainy  season  in  summer  is  here  a 
source  of  inexhaustible  fertility  ;  coffee,  the  plantain,  sugar- 
cane, and  cocoa,  are  the  cultivated  crops.  While  the 
botanical  features  of  the  district  at  the  foot  of  the  Cordilleras 
and  in  the  deep  valleys,  merge  gradually  into  those  of  the 
Brazilian  flora,  the  upper  belt  of  woods,  the  Ceja  of  the 
Montana,  present  some  peculiar  features,  tree-ferns,  palms, 
Guttifene,  ScitaraincEe,  and  especially  the  most  important 
of  all,  the  Cinchona  or  Penivian  bark. 


^^H  SI.   77ic  Pampas  Jiegion. 

By  a  Pampas  is  meant  a  treeless  pasture-land  covered 
with  grass  ;  but  in  the  region  of  vegetation  so  designated 
must  be  included  the  whole  country  extending  from  the 
boundary  of  Brazil,  where  the  regular  rainy  seasons  of  the 
tropical  zone  cease,  across  the  States  of  La  Plata  and  Pata- 
gonia nearly  to  the  southern  extremity  of  the  continent. 
The  true  pampas  resembles  the  grass  plains  on  the  Missouri; 
and  the  thickets  and  thin  woods  which  occur  in  the  provinces 
of  I.a  Plata  lying  nearer  to  tJie  southern  limit  of  the  tropit^ 
resemble  the  chaparaJs  or  mesqu it-thickets  of  Texas  and 
New  Mexico.  The  nature  of  the  vegetation  is  here  det«- 
mined  by  the  distribution  of  the  moisture ;  the  greater  part 
of  the  rainfall  takes  place  in  the  form  of  sudden  thunder- 
stonns,  while  at  other  times  the  air  is  extremely  dry,  but 
with  copious  dews  at  night.  Long  periods  of  drought  inter- 
vene, the  storms  often  failing  altogether  for  years.     This  is  

^^^e  cause  of  the  entire  absence  or  the  extreme  scantiness^^^^^l 
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the  arborescent  vegetation.  Tlie  ctiraate  is  not,  however,  in 
itself  unfavourable  to  the  growth  of  trees,  as  is  the  case  with 
the  prairies  and  the  steppes  of  the  Old  World.  In  Uruguay 
generally  the  cultivation  of  trees  is  possible ;  in  Buenos 
Ayres  the  peach  is  grown  for  the  sake  of  its  wood. 

The  Pampas-region  may  be  divided  into  three  zones  : — 
the  interior  north-western  Chanar-steppe  ;  the  true  Pampas; 
and  the  southern  plains  of  Patagonia.  The  first  is  not  oc- 
cupied to  any  great  extent  by  grass,  but  is  chiefly  covered 
by  underwood,  especially  the  chanar-shrub,  an  Acacia  known 
'  espinillo,'  and  species  of  Cactus.  At  the  foot  of  the 
h  Andes  it  includes  some  salt  lowlands,  the  Argentine 
|,*salinas,'  where  the  vegetation  consists  of  only  a  few  saline 
The  true  Pampas  are  grass-plains,  in  which  the 
I  trees  are  confined  to  narrow  strips  of  low  woods  along  the 
I  livers.  There  are  scarcely  any  native  shrubs  or  herbaceous 
I  plants  ;  but  some  from  the  south  of  Europe  have  become 
I  naturalized ;  thistles  and  fennel  have  increased  to  an  enor- 
!'■  mous  extent  j  Onopordon  acanthiutn  has  entirely  displaced  the 
I  grass  over  many  square  miles,  and  forms  impenetrable 
1  fcickets,  exceeding  a  man's  height.  Where  the  grass-steppe 
I  ceases,  at  the  Palagonian  Colorado  and  Rio  Negro,  a  low, 
I  q>arse,  thorny,  shrubby  vegetation  begins,  growing  among 
I  loose  stones,  until  at  length  this  also  becomes  scarce,  and 
I  tiie  arid  ground,  parched  by  the  dry  air,  produces  only  a 
I  few  tufts  of  a  hard  brown  grass.  A  small  Acacia,  which  is 
I  found  alone  and  solitary  in  the  neighbourhood  of  the  Rio 
I  Negio,  is  so  remarkable  a  phenomenon  to  the  natives  that  it 
ris  regarded  as  sacred. 


22.   TIu  Chilian  Transition- Region. 
This  region,  which  includes  the  northern  and   central"' 
rovinces  of  Chile,  enjoys  a  climate  similar  to  that  of  the 
Mediterranean  ;  but  the  season  of  active  growth  is  interrupted 
Fty  longer  periods  of  drought  ;  for  during  one-half  of  UiQ- 
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year  vegetation  appears  dead  and  the  land  almost  baireiL; 
Even  on  the  sea-coast  there  is  no  great  quantity  of  trees  ; 
the  foliage  of  the  bushes  is  to  a  considerable  extent  replaced 
by  spines  ;  and  the  desolate  character  is  intensified  by  the 
wildness  of  the  naked  mountains  untouched  by  sea-breezes. 
Tropical  forras  of  plants  are  nowhere  found. 


23.  The  Antarctic  Poresi-Region. 
The  Antarctic  flora  may  be  compared  with  that  of  the 
north  of  Europe  and  of  the  European  Alps.  As  in  northern 
Europe,  the  equatorial  currents  of  moist  air  alternate  irregu- 
larly with  the  clear  sky  of  the  polar  currents ;  and  the  rainfell 
is,  in  consequence,  distributed  through  all  the  seasons  of  the 
year,  and  vegetation  is  usually  plentifully  supplied  with 
moisture.  But  since  this  rainfall  is  associated  with  a  milder 
winter  than  in  the  northern  hemisphere,  the  greater  number 
of  the  trees  preserve  their  foliage  throughout  the  year.  But 
notwithstanding  this  uniform  temperature,  there  is,  even  in 
southern  Chile,  where  snow  and  frost  are  unknown,  a  distinct 
period  of  repose  of  vegetation  during  the  winter.  While 
even  in  the  last  (Chilian  transition)  region  an  increase  in  the 
vigour  of  vegetation  coincides  with  the  rainy  season,  the 
deciduous  trees  here  lose  their  leaves  at  the  time  when 
the  greatest  quantity  of  rain  falls  and  the  temperature  is  also 

The  Antarctic  region  may  be  divided  into  a  northern 
and  a  southern  zone.  Forest  prevails  everywhere.  In  the 
northern  zone,  which  includes  also  the  island  of  ChUoe,  the 
forest  is  composed  of  a  great  number  of  trees  belonging  to 
different  families,  including  LauraceK,  Myrtacese,  Oleaces, 
and  even  bamboos  j  lianes  and  parasites  cover  the  stems 
and  fill  up  the  space,  as  in  the  tropical  forests,  but  not  with 
the  same  abundance  of  forms.  In  the  southern  zone,  on  the 
other  hand,  almost  the  only  trees  are  beeches  ;  but  since 
the  most  common  deciduous  species,  Fagus  antarctiea^  ,{$ 
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accompanied  by  an  evei^een  kind,  tlie  general  aspect  of 
the  forests  is  quite  different  from  that  of  northern  Europe. 
It  is  only  in  the  extreme  south,  where  the  diminished  tempe- 
rature and  the  moisture  which  remains  in  the  ground  are 
favourable  to  the  formation  of  peat,  that  the  forests  yield  lo 
opei]  moors.  But  the  vegetation  of  these  moors  is  peculi: 
consisting  of  a  saxifrage  and  a  plant  allied  to  the  lilies, 
sociated  with  cranberries,  Ranunculi,  and  rushes. 


24.   Oceanic  Islands. 

The  native  plants  of  islands  often  differ  considerably 
from  those  of  the  nearest  continent  ;  the  aboriginal  flora 
has  been  preserved  in  greater  purity  than  elsewhere  ;  and  it 
is  to  insular  floras  of  this  character  that  the  important  theory 
of  the  migration  of  plants  owes  its  origin. 

The  Azores,  Madeira,  and  the  Canaries,  an  archipelago 
formed  of  lava  and  volcanic  rocks,  possess  a  flora  altogether 
independent,  but  enriched  from  without,  and  known  as  the 
Atlantic  Flora.  That  of  the  Azores  resembles  the  Mediter- 
lanean  floraj  evergreen  shrubs  and  forest  trees  belonging  to 
the  LauraccK,  togetlier  with  beautiful  Ferns,  cover  the 
greater  part  of  the  islands.  Madeira  was,  at  the  time  of  its 
discovery,  completely  clothed  with  wood  down  to  the  shore. 
But  the  so-called  cedar  of  the  island,  a  timber-tree  ivith  a 
valuable  scented  wood,  disappeared  after  a  great  forest-fire. 
The  vegetation  has  been  completely  altered  by  cultivation. 
Together  with  the  sugar-cane,  which  has  taken  the  place  of 
the  vine — the  latter  having  been  almost  destroyed  by  tlie 
vine  disease  since  1852 — the  plantain  has  been  generally 
cultivated  ;  tropical  fruit-trees  are  abundant ;  but  there  are 
no  palms.  Other  noteworthy  native  plants  are  the  dragon- 
tree  Draceena.  the  luxuriant  forests  of  laurels,  the  shrubby 
heaths,  magnificent  Ferns,  and  dense  underwood,  which 
characterise  the  district  of  the  thickets  above  the  laurel- 
Woods.    The  flora  of  the  Canary  Islands  has  an  Africa 
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character  in  its  lower  districts  ;  the  prevalent  forms  here 
are  numerous  succulent  plants,  especially  Euphorbiacese, 
the  date-palm,  and  tamarisks.  These  districts  are  generally 
arid,  especially  since  the  change  introduced  in  consequence 
I  of  the  vine-disease ;  and  the  Opuntias,  whicli  serve  for  the 
*  nourishment  of  the  cochineal-aphis,  have  become  one  of  the 
most  important  objects  of  cultivation.  The  remaining  dis- 
tricts, characterised  by  laurel-woods,  thickets,  pines,  and 
Genistas,  indicate  an  Atlantic  flora,  although  the  evergreen 
woods  have  been  to  a  large  extent  destroyed. 

The  Cape-de- Verde  Islands  differ  from  those  already- 
mentioned  in  their  more  tropical  climate.  The  rocks 
and  loose  stones,  uncovered  by  wood  or  even  by  the  least 
stratum  of  soil,  are  heated  to  so  high  a  temperature  by  the 
rays  of  the  sun  that  it  is  impossible  for  the  aqueous  vapour 
brought  by  the  trade-wind  to  become  condensed ;  and  since 
there  is  sometimes  no  rainy  period,  the  vegetation  of  the 
islands  is  sparse.  Four-fifths  of  the  surface  is  said  to  be  en- 
tirely unproductive  ;  the  only  cultivated  plants  are  a  few 
introduced  cocoa-nut  and  date-palms,  coffee-bushes  and 
fruit-trees.  The  native  flora  is  generally  similar  to  the 
Atlantic,  while  the  introduced  plants  indicate  the  proximity 
of  Africa. 
I  The  volcanic  island  of  St,  Helena  was,  at  the  time  of  its 

discovery  at  the  commencement  of  the  sixteenth  century, 
covered  with  wood,  but  the  young  branches  were  so  com- 
pletely destroyed  by  introduced  herds  of  goats,  which  in- 
creased with  great  rapidity,  that  three  centuries  later  there 
was  a  scarcity  of  wood,  when  the  goats  were  taken  away  and 
trees  introduced  from  all  parts  of  the  globe.  The  climate, 
refreshed  by  a  steady  trade-wind  and  two  rainy  seasons,  is 
extraordinarily  fertile;  but  the  introduced  plants,  and  es- 
pecially the  European  pines,  have  completely  displaced  the 
native  flora. 

Madagascar,  traversed  by  lofty  chains  of  granite  moun- 
tains, which  slope  on  both  sides  to  a  littoral  lowland,  marshy 
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or  occupied  by  lagunes,  has  a  seven  months'  rainy  season. 
The  greater  part  of  the  island  is  in  consequence  covered 
with  moist  tropical  forests  bordered  in  the  interior  by  elevated 
grass  savannahs.  In  the  south  a  scanty  thomy  vegetation 
prevails.  The  most  remarkable  product  of  the  forests  is 
the  '  travellers'  tree,'  Ravmala,  a  plantain,  the  fan-shaped 
leaves  of  whicli  are  hollowed  out  at  their  point  of  insertion 
into  a  spacious  cavity  in  which  water  is  caught  and  retained, 
so  that  when  pricked  they  give  out  a  refreshing  fluid. 
Here  is  also  found  the  aquatic  Ouvirandra  or  lattice 
plant,  the  leaves  of  which  consist  almost  entirely  of  a 
perforated  lace-like  network.  There  are  also  epiphytic 
Orchids  with  enormous  f5owers,  tree-ferns,  impenetrable 
lianes,  heaths,  bamboos,  pitcher-plants,  Nepenlhes,  and  a 
few  palms. 

The  flora  of  the  Mascarene  Islands  (Mauritius  and 
Bourbon)  is  allied  to  that  of  Madagascar.  That  of  the 
Seychelles  is  distinguished  by  the  double  cocoa-nut,  Zoi/ok-ot 
Seychellarum,  with  its  gigantic  fruits. 

The  Sandwich  Islands  enjoy  a  climate  resembling  that 
of  Jamaica.  In  Hawaii  plantations  of  the  cocoa-nut  palm 
and  bread-fruit  alternate  with  sugar-cane  fields;  and  above 
the  cultivated  plain  a  belt  of  wood  surrounds  the  volcanoes. 
The  commonest  native  tree,  an  Acacia  known  as '  koa,'  raises 
its  crown  of  leaves  above  a  dense  tliicket  of  evei^een 
underwood.  The  once  abundant  sandal-wood  has  already 
become  scarce  from  the  demand  for  its  limber. 

The  flora  of  the  Feejee  Islands  approaches  nearest 
that  of  the  Indian  monsoon  region.  To  the  summits 
their  basaltic  mountains  they  are  covered  with  the  most 
lu.\uriant  tropical  vegetation.  The  most  important  food- 
plants  are  the  plantain,  cocoa-nut  palm,  bread-fruit,  and  in 
the  cultivated  fields  tapioca  {Arum  esaiUiititm),  yams,  Taaa, 
and  batatas. 

New  Caledonia  exhibits  in  its  flora  a  resemblance  to 
Kitbat  of  Australia.     Its  woods  are  destitute  of  undergrowthj 
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MyrtaceK  are  scattered  over  its  arid  grass-plains  at  wide 
distances ;  its  stony  mountains  are  barren. 

The  flora  of  Norfolk  Island,  not  unlike  that  of  New- 
Zealand,  is  remarkable  for  the  Norfolk  Island  pine,  Araucaria 
excelsa. 

New  Zealand  is  more  nearly  related  in  its  flora  to  the 
forest  region  of  south  Chile  than  to  Australia,  which  lies  Si 
much  nearer,  The  evergreen  forest,  composed  of  MyrtacefE", 
Lauracete,  and  broad-leaved  Coniferre  {among  them  the 
Dammara  australis)  includes  also  tree-ferns  and  arborescent 
Liliaceie,and  is  often  rendered  impenetrable  by  dense  thickets 
flf  lianes,  Shrubs  and  Ferns  mixed  together  clothe  the 
open  slopes  of  the  mountains  and  the  dry  plains ;  Fems  are 
often  the  sole  representatives  of  the  grass  of  other  countries, 
and  clothe  boundless  stretches  of  open  land  ;  so  that  some 
resemblance  may  be  traced,  in  the  abundance  of  its  fern 
vegetation,  between  the  flora  of  New  Zealand  and  that  of 
prehistoric  times,  especially  of  the  vegetation  of  the  Car- 
boniferous formation.  Among  the  Ferns  Fteris  esculenta  is 
noteworthy  for  supplying  food ;  and  of  other  native  products 
the  valuable  New  Zealand  flax,  Phormium  ienax,  belonging 
to  the  LiUaceEe. 

The  uninterrupted  southern  trade-winds  impart  to  the 
archipelago  of  the  Galapagos  Islands  an  arid  climate. 
Ascending  above  the  lava  fields,  covered  with  light  dwaif 
shrubs  and  Cactaceje  almost  destitute  of  leaves,  we  find  on 
the  mountains  a  tolerably  luxuriant  forest-flora,  but  with  n 
tropical  character.  More  than  one-half  of  the  species  are 
endemic  {i.e.  peculiar  to  the  islands);  the  rest  have  migrated 
from  the  shores  of  the  Isthmus. 

Juan  Fernandez  is  densely  covered  with  forests  alternat- 
ing with  grassy  plains.  No  considerable  immigration  of 
foreign  plants  has  taken  place ;  and  the  forests  are  covered 
■with  climbers,  which,  like  the  trees  up  which  they  twine, 
occur  nowhere  else  on  the  surface  of  the  earth.  Ferns, 
■tree-iems,  and  palms  prevaii 
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The  Falkland  Islands  are  densely  covered  witli  lofty- 
grasses  which  have  extended  themselves  over  immense  layers 
of  peat. 

The  vegetation  of  the  basaltic  Kerguelen's  Land,  like 
that  of  the  Falkland  Islands,  consists  of  a  few  Grasses  inter- 
mixed with  tiifts  of  an  Umbeliifer.  There  are  no  woody 
plants.  The  most  interesting  species  is  the  'Kei^elen's 
land  cabbage,'  a  Crucifer,  Friiigka  aniiscorbutica  [difiering 
from  most  of  the  Cruciferfeof  Europe  by  being  chiefly  wind- 
fertilised]. 

In  the  exlreme  southern  latitudes  south  winds  laden 
with  snow  alternate  with  northerly  currents  of  air  saturated 
with  aqueous  vapour,  and  perpetual  white  fogs  of  unparal- 
leled density  spread  over  the  surface  of  the  sea.  These  fogs 
are  formed  also  on  the  islands  which  lie  near  this  zone, 
almost  entirely  depriving  them  of  the  rays  of  the  stm.  Both 
flora  and  fauna  are  extremely  scanty.  The  remarkable 
difference  between  the  climates  of  the  two  polar  zones  depends 
on  the  great  excess  of  water  in  the  extreme  southern  latitudes, 
on  the  consequent  cloudy  sky,  and  on  the  masses  of  icebergs 
which  break  loose  in  the  summer,  and,  in  melting,  reduce 
the  temperature  of  the  better  part  of  the  year.  But  in  these 
southern  latitudes,  where  life  is  now  so  scanty,  there  was 
once  a  warmer  prehistoric  epoch  ;  for,  like  the  extinct  forests 
of  Greenland,  the  evidence  of  well-preserved  fossil  stems 
proves  that  a  luxuriant  arborescent  vegetation  once  inhabited 
Kerguelen's  Land, 
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^W,3rf.  rig.450iii. 
OoHihim,  178,  iBi,  iBo,  ti», 
^nfe  »7J.  =W,  3=8.  Big.  38 
Op«  buHlle,  64,  337 
Opmnlum,  »40,  304.  Fig- 4 
OpBlo(laiB«B,  31B.  Fig.  4 
OpiathcdiflL  opening,  61 

^(HtoiDE,  76,  B7,  r^8,  409- 

OrbicuEr,  95.     Fig.  IJJ 


OifuticiubBtiuiccIt  T 
Onbancluce^  iji.  iSi.  F 
Onhoplcuic,  i;;.    Fig.  33K 
Orthoipenna^  jjS.    Fig. ; 


OanKwCf  t6o,  tfig,  176.    Fig. 
OsDiunikuKj  316.    Fig.  44a 

Ovofy,  141.     Fig.  JB7,  vy 

Ovale,  «.    Fig,  16a 
OvergrowOi,  46.    Fig.  fiS 
OvuIe,  .44,  te>.      Fig.  =97, 

3!9,  360,  4JB 
Ovum-celL    See  Ooiphere 
Oiygcn,  163,  1(7 

pAL.«OPHyT0LOGY,  j 

'      PaliKuaic  CDcIii,  410 
Palate,  130.     Fig.  ua 
P:>1eB.  61.  Se,   118^134,  313 
Fig.46l,*63 

Pate  «ll"^  ^     ^^'^ 
Pal[i™,3Si,i5i,45j.    Fig.  9 

PiJ^lH,  351 
PaJmaie.w.    FTg.  i8i 
Palnuite  >^[,  FTg.  ■» 


■    ^8-59 
.    Fig.  181. 1 
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I.    Fig.  133,  394,  313, 
!■    Fig.  97H(j,  .46,353, 


PnnphysiB,  iisi,  368,  sBz,  ^  304.   Fig. 
Fuu^ie,  ifij,  DS,  031,  37s,  08s.    Fig. 

346,3*7.37*1378 
Parencliynia.  39,  31^,  366.    Fig.  9^,  ji, 

pjS^(,Mif4ii''.^'^i*'»B^3JJfiiriii., 
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'glypeutQus.     Sa  ApopeliilauE 


PolvpodincefE._3i6.  Fig.439i.-    ,,. 
FolyaepnlouE.     Stt  Apowpeloui 
i'Dlysiphono--  ''' 


Prictk,  63,  inj.    Fig.  90,  igS 
Prieaiky,  6 
Pfiniarycin-walljIS.     Fig.  19,  : 


PrimulacEs:,  ^7.     Fig,    13S,  vi%,  306, 

Pnmulales,  3B7 

Priugfhtiim,  6 

PnumbiDill,  43,  $7.  (4.     Fig.  83  II. 

Pto-rmliryo.  iS!),  1911,  33a.    Tig.  Sa  II,, 

363,  4SO  III. 
Pnipeirivo  raiiliunonJuKis,  s« 
PrpRlicalion,  an,  305.     Fif .  437  '>■■ 
Froinyccliuin,  i;;,  174.    Fig.  400 
pTowDchyna,  39^  364 
Pr«enclii'inBI0U3  cell,  309,  364,  368. 
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Reservoir  of  reserve  mBIctials,  174 
Rcrin,  =4,  .76,  33B,  J98 
Resin-gland,  jj.    Fie.  Bo 
Rerin-pMsage,  jj.     Pig.  78,  79 


[oticiiLuc 


EidgB,  39*.    Fie,  509-511 

Ringent,  130.    rig.  14B 

Rivulaiies,  344 

Bogg«(eld,  445 

Rooi,  70,  71,  7a.  341,  369.   Fig.  9 

RpDt^ap,  7a.  3JO.    Fig.  63 11.,  10 

Hooi  piHsure,  "io     '^'  ^^'  *** ' 
Kool-*«lh,  fij.    Fig-M 
Rwt.«o.:k/  if«  Rhisma 
Roracez,  404.    rig.  191,  igS,  »i 

R™mi^  li^lK' 1].    Fig.  lit 

R^Sil^33 

KoBCK!,  405.    Fig.  19B,  mS,  js6 

EoKeirum,  349.    Fig.  46S 
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UmbeUifitss,  3^.    Fig.  ui,  jiE 

Um^llule,  !».    Fig.  iii 
Undergroond  Hems,  7J.    Fig.  lol 

UnguiouUle,  im.    Fig.  ijo-ijs 
Unpii!,  13..    fig.  .so~ss» 
Unicellabr  plana,  ss,  149,  i]i.  1 

M.  81.  3B0,  381,  383084 
Unuocalar,  14a,  144.  Fig.  19G,  ag 


yACCISlACE/E,  j8B.    Kg.  wi 
Vagioul!^'^!'Fig.43Jl. 


^ty-hyhridj  T95 


VaicDiar   bandit    Set  Fibroroscubt 

bimdle 
Vascular  bundle^calht  A7,  30^  334, 
.,369-,    Fig.433,4«,447,45>.477 
Vascular  ceU,  47.    Fig.  4;S 
Vasuiar  Ciyploguiu,  £7,  34a.     Fig. 
,.436-45=  , 
VaHnilar  planli,  67 

'  Vcgctabk  ivory,'  isfl,  354 

Vi^gelablF  PaliEoatoltigy.    Set  Palxo- 

Vcgetahk  paihglogy,  316 


■Venus'sfly^Bip?'  SaVlxo 
Verbanaces,  384.  Fig.  aaa. 
Vemntion,  85.  Fig.  131-135 
"       lil=,.4o.    Fig.    -- 

illaKcr,  U3,  3e 

iHalo,  76,  87. 


kiUaKcr,  uj,  38^  Fig.  489 


Vesiculu  VH«1.  .Tm  Utricular  VI 
V««l,  47.  364.  Rg.  69,  75-77.  93 
V^tL^mivalioii,  84.    Fig.  i=S 

VibraiUi'dJiL'  *^  aiium*' 
Vibrio,  a,!.    Fie.  380 
Vino.mildew.    JwEtysiphe 
VioIaccBL  414 
Vila.  jgS.    Fig.  509 
Viviparous  81.  aaa 
Vglalila  oils,  384,  391,  39a 
Vo.™,4a6.    Fig.  543 


WAniSj_«3 

■Weeping,;  48 

Wad  Indian  region,  450 

WhiK  unDI,  331 

Whorl,  117.    Fig.  139,  3>i 

wKlcd.    .S«Vatisillato 
WiIIow.gall,  =33 
Wingai,  90,  .ss.    Fig.  1 

wSSTsti" 
Wood«ll,  364 
WDod-Bbre,   364.      Fig. 

'■^o™.iTio«,-JS7 


48o 
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XYL 

V  YLEM,  66,  324,  326,  34X,  357,  364. 
•*  *•     Fig.  93,  447,  452,  472  B,  475 


YEAST,  247 


7AMITES  426.    Fig.  545 
'^    Zingiberaceae,  348 
Zoogloea,  245,  246 


ZYG 

Zoosporangium,  268,  274.     Fig.  ^oz 
Zoospore,  200,  251,  253,  267,  268,  27^ 

274.    Fig.  82,  386,  397,  399 
Zygnemaceae,  258    Fi§.  41,  54 
Zygomycetes,  271.    Fig.  395,  396 
Zygophyccae,  257.     Fig.  11,  38,  41,  58, 

8z,  82,  383,  390 
Zygophyllaceae,  407 
Z3^o5penn,  257,  258,  271,  272.  Fig.  54, 
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